Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



.4? 



■ - l-r 






■ / 




/ 



y ''•>^ < V ' 



./. 






FIRST BOOK 



IN 



CHEMISTRY. 



FOE THB USB OF 



SCHOOLS AND FAMILIES. 



BT WOBTHINGTON HOOKER, H.D., 

FB0FB880B OF THB THBOBT Ain> FSAOnOK OV |fEDXOINB IN TAUB OOLLBGK| ADTBOB OF 
** HUMAN PHTSIOLOeT," **GBILD*8 BOOK OF NATUBB,** 

"natubal msTOBT,** Bra 



• • r ^* ' • »» •* 

,** »»<»* '*■» ***** 



WW- -- ,-— - 

a J « <• • • 

. J*** *j* 
J, J J J.* * ** * * 

» **, **. • •- ' 



J 4 4* , * *» - . * * * 

:..:,.' * " ** * * 

HABPEB & BROTHERS, PUBJLISHEBS, 

FBANKLIN SQUABB. 

18 6 2. 



I, but Uliwtrating tho mibject largely from comi 
ill)^ ftHUKMumiM. At «flch vuLt I questioned them upon what I 
tM 0mm M tlw pmioua vuit, and allowed thorn to ask me I 
ifMM. la thl« way I found out what they could undeFstandl 
vftM tlwj' wwitcd to know about chemistry. I was surprised ta 
iKwmacli ofthU tciciuw wjw within the reach of their capacity, I 
M di* WMM ttuu, eoald bo mado very intciGsting to them. Dui| 
iB thto tinwt I Jutted down my roaulta, and at length put them if 
11m iIu^w tn which thoy now appear, ho that the book t 
Uunlly made In tho •chool-room. I tniiy add that nearly the wbfl 
hia boen lobjectcd to tho examination of one of the teachers whof 
roonu I visited, a lady to whom I am indebted for many valuabl 
■nggoationi. 

Tbia book can be readily comprehended by pnpih of average ci 
pftdty of twelve or oven eleven years of age, especially if they hav 
gone Uirough with ray Child's Book of Nature, which it is intenda 
to follow. At tho same time it is fitted for older scholars, to whon 
tho subject of chemistry is entirely new. 

I need hardly say that there must be carefulness in experimenting 
ind tliftt some of the expJBf^ieiitfi IdtBcrii^'iii jttfis book should bi 
tried only by teachcTH, or by piifUs iind_^ thdl* supervision. 

This book is to be followed ]bj th/eR dAjr books for the nex 
higher grade of pupils. Th(y,-a»f tfi be. uruier .one title, Science fo: 
the School and the Family. Picft J:,'jfiitAii),liiilosophy. Part U. 
Chemistry. Part III., Mineralogy and Geology. 

WOETaiNGTON HOOKEB, 



CONTENTS. 



CHAPTSB PAQB 

I. THE CHEMIST. 9 

n. OXYGEN 15 

in. NITBOGEN 22 

IV. AQUA. FORTIS AND THE LAUGHING- GAS 27 

V. CABBON i 81 

VI. CABBONIG ACID 87 

vn. CABBONic AdD-^OonHmted 42 

Vin. THE AIB r 60 

IX. HTDBOGEN 58 

X. COBIBUSTION 67 

XI. GAS-MAKING AND GAS-BUBNING 73 

Xn. STBIKING FIBE 81 

Xin. ANIMAL HEAT 86 

XIV. IBON-BUST, POTASH, SODA, AND LIMB 92 

XV. METALS AND THEIB OXTDS 99 

XVI. METALS AND THEIB OXTDS — OoJltimied. 105 

XVn. ALLOTS AND AMALGAMS Ill 

XVin. ACIDS 116 

XIX. SALTS 125 

XX. CABBONATES 129 

XXI. SULPHATES, NITBATE8, AND AOBTATBB 137 

XXn. SHELLS, CORALS, AND B0NB8 144 

XXni. GLASS AND BABTHBNWASB 150 



• • • 



VUl CONTENTS. 



PAW 

XXIY. OHLORDnB, BLBIOBIHO, AHD COMMON SALT 150 

XZT. 0HL0RIDE8, lODIDEfl, BR0MIDE8, AHD 8BA-WATEB 162 

ZXYI. flOLUTIOir AHD CET8XAUJZATI0H 169 

XXm. OHBMIOAL AFFIXITr 177 

xxYin. WOOD. 185 

8TAB0H AMD 8U0AB 191 

OLUTBM. 198 

XXXI. FBRMBIITATION 204 

XXXn. TEGBTATIOir. 211 

XXXm. CHEMI8TRT OF ANIMALS 219 

XXXIV. OONCLUDINa OBSBBYATIONS 224 



CHILD'S BOOK IN CHEMISTRY. 



CHAPTER I. 

THE CHEMIST. 



Their (lisCDTeriai. 



Fthis book you are to learn about Cliemiatry. But what is 
Chemistiy? you will ask. This I will explain to you in part 
in thia chapter; but you can not understand fully what it is till 
■you become well acquainted with what thia science can show you. 

You see represented in the frontiapiece a large room with a 
great many different kinds of vessels, and instruments, and appa- 
ratus. There are several persons, chemists, engaged in trying 
experiments. Their object is to find out of what things differ- 
ent substances are composed, and what effects will be produced 
when they are mixed together. 

The chemists have discovered a vast many things which will 
surprise you. Each of the substances that you see all about you 
you are in the habit of thinking of as being one thing. The chalk 
with which you mark on the blackboard you think of ob chalk, 
and that is all. But the chemist has discovered that chalk is 

Ede of three things put together. One of them ia a gas as thin 
air. In feet, it is a gas that forms a part of the air which you 
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breathe. Another is carbon, or charcoal. Yes, the dark charcoal 
makes a part of the white chalk ; but it is not dark now, because 
it is united with other things. The other thing in chalk is a 
metal. A gas, charcoal, and a metal, then, all three veiy unlike* 
each other, make chalk. 

Then there is water. Water, simple water, that surely, you 
will say, must be one thing. People used to think so — old phi- 
kMKiphers as well as common people and children. But the chem- 
ists found out that it was not so. Water is composed of that 
same gas that is in the chalk, united with another gas with which 
they sometimes fill balloons. These two gases are uniting to- 
gether to form water continually all around you. This is going 
OB in every fire and every light that you see burning. In the 
flame that you see, whether it be flame of wood, or candle, or gas 
or burning fluid, these two gases are busy uniting together to 
^ 1. form water. You do not see the water, for as 

last as it is formed it flies off into the air. It 
makes a part of the water in the air which is so 
finely divided up that you can not see it, as I 
liave explained in Chapter XTX. of the Third 

XPart of the Child's Book of Nature. But you 
can catch this water that is formed in the flame 
OS it flies off, and make it to be seen. There are 
many ways in which you can do this. Here is 
one represented in Fig. 1. There are ice and 
salt in the bowl, the object of which is merely 
to make the bowl very cold. The bowl is held 
so fer above the candle that the soot will not 
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gather upon it. Now the finely divided and heated water, as it 
flies up, strikes against the cold bowl, and is condensed upon it. 
A large drop of water therefore hangs, as you see, from tlie bot- 
tom of the bowl, fairly caught and brought to view. Considerable 
water can be caught in this way. 

You can do the same thing with a silver spoon or a piece of tin, 
if it be cold. Held over a candle or lamp, dew will gather upon 
it. You do not catch as much water in this way as with the bowl 
of ice and salt, because the surface is not so cold, and is smaller. 
You can not only catch the water that flies off from flame, hut 
hk. a. you can shut it up, as you see in Fig. 2. The 

idle here is placed under a glass jar, and 
the water first makes the glass dim, but soon 
gathers so much as to trickle down its sides. 
The air oateide keeps the glass cool enough 
to make the experimenf succeed. You can 
try this experiment with any glass jar, but 
i you must remember to put some little bits 
of wood under the edge, as you see in the 
figure. If you do not, the candle will soon go out, for reasons 
that I will explain to you in another chapter, and there will be 
but little water formed. 

The water is composed of two gases. Now when the chemist 
takes some water and separates one of the gases in it from the 
other, we say that he decomposes the water. He does just the op- 
posite of what is done in flame, for there the two gases, as I have 
told you, unite together to form water. So, when he separates the 
iogredienta of chalk from each other, he decomposes the chalk. 




I shall tell jou, in other parts of this book, much more partica* 
larly about these and a great many other wonderful things, 

I suppose that you have thought that you are too young to 
know any thing about Chemistry, and that none but older and 
wiser persons can understand about it. But this is not so. There 
are a vast many things ja Chemistry that yon can understand as 
well as the wisest man on earth. I shall try to select those things 
only which you can understand and which you will be interested 
to know, and leave all the rest for you to learn hereafter, when 
you get farther on in years and knowledge. 

Chemistry will be interesting ,to you because it tells about so 
many things that you Bee every day, I suppose that you, have 
been in the habit of thinking that the chemist is engaged in find- 
ing out only about things that have hard names, and that you 
have nothing to do with. But it is far otherwise. Very many 
things that he can tell you about are the commonest of all things. 
I have already spoken of chalk and water. The little that I have 
told you about their composition interests you, and you will be 
much more interested when I come to tell you more particularly 
about them. Then there is the air that you breathe — ^you will 
like to know about that. The chemist can tell you what part of 
the air keeps you alive, and how it does it. You will be sur- 
prised to learn that some of the air is continually becoming a part 
of your body, your flesh and bones, and that some of your body 
is all the time turning into air and flying off all around you. But 
so it is, as I shall by-and-hy show you. 

Chemistry will tell you how fires and lights bum. You will 
find that there is a great deal of chemistry in bo common a thing 
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as a candle. There is enough to talk about for hours. The most 
distinguished chemist in England lately delivered six lectures to 
a young audience in London on the " Chemical History of a Can- 
dle," and they have been published, making a book of over 200 
pages. 

Chemistry ■will teU you what it is that makes bread rise, and 
how it is that the grain from which it is made is fitted in growing 
to nourish your body. 

It will tell you how wine is made from grapes and other fruits, 
and explain what that is in the making of cider and beer which 
is called working. It will explain, too, the making of vinegar. 

It will tell you how soaps are made, and explain the way in 
which they operate in cleansing clothes and other things from 
dirt. 

It will tell you about the making of different paints and dyes. 

About these and very many other common things Chemistry 
can tell you a great deal that will interest you, and will be of use 
to you as you grow up to be men and women. And you can 
know much about these and other subjects, young as you are, 
that the wisest chemists did not know fit^y years ago, for chemists 
have discovered many facts that were not known then. 

You hear a great deal about the experiments that the chemists 
try. In this book I shall tell you of many experiments that you 
can try for yourselves. You can try them with bottles and tubes 
that you can buy with a very little money, and many of them you 
can try even with what you can pick up about house at your own 

Kmes by exercising a little contrivance. 
But you will not need to do even this to be interested in Chem- 
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istiy, because there are things happening before you oontinuallj 
that illustrate the subject. There are experiments, as we may 
say, going on all around you and even within you ; and you haye 
only to look and to think, to get Chemistry out of the commonest 
things. Every time that you rub a match, or set fire to gas, or 
a candle, or wood, or strike fire with your heel, you try a chem- 
ical experiment Every time that you draw a breath, you make 
chemical work for your lungs. Every time that you eat, you set 
a going in your stomach some of the chemical operations that 
the chemist in his laboratory sets a going in some of his queerly- 
shaped glass vessels. And your body is kept warm, as I shidl 
show you in one of the chapters of this book, by a sort of chemical 
fire in you — ^a fire without a flame. 

Questions, — What do chemists do? Of how many things is chalk composed? 
What are they? Which of them are solid substailbes? Why is not the charcoal 
dark in the chalk ? What did all people use to think about water ? What have the 
chemists found out about it? Tell about the formation of water in flame. Why do 
yon not see the water that is formed? How can you catch the water as it flies off? 
Tell about catching it with a spoon. Tell about catching it from a candle under a 
jar. What is decomposition? Why can you expect to understand much about 
chemistry in studying this book ? Why will chemistry be interesting to you ? What 
are some of the things that chemistry will show you about air? What is said about 
the chemistry of a candle? What can the chemist tell you about bread? What 
other things will Chemistry explain to you ? What is said about experiments ? 



Oxj/gen. That ia a hard word, you will say. Why hard? 
Simply because it ia new, and you do not understand what it 

I means. "When I have told you what oxygen ia, and related to 
you the interesting facts about it, the word will be as easy to you 
as any other word of the same length of which you know the 
meaning. The names of many of your acquaintances would be 
hard worda to you if they were not the names of those that you 
■ know. Now I expect to make you as well acquainted with oxy- 
gen as you are with any of your friends, and then it will be quite 
as easy a name to you as Joseph, or Caroline, or Elizabeth. There 
are many words which you uce every day that are much longer 
than oxygen, such as amusement, dissatisfaction, experiment, etc. ; 
but they are easy to you, because you know what they mean, and 
you are familiar with them. And so, when you have gone through 
this book, oxygen and other terms now new to you, and therefore 
hard, will be easy to you, because you have become familiar with 
their meaning and use. 

Though you are not yet acquainted with oxygen, you have a 
great deal to do with it. Indeed, you could not have done with- 
out it at any moment since you were bom. Every time that you 
Ew a breath you take some of it into your lungs, for there is 
16 of it in the air. If what there is of it in the air should be 
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oat of it, you would die as q^uickly as you would if yoo 
osder water. 

Tlili oxygen is part of the food, tlie nourishment of your body. 
It then not, it in true, go into your stomach, but still it is just aa 
titxamary food for your body as the food that you awollow. It 
U food that gooH iuto the lunga, and the lungs must have it or 
you will die. 

The fixid tliat you put into your stomach you can do witfaoat 
for ttomfi time. You can live without it even for days; but the 
Iiing-fo<Hl you must have every minute. 

1'ho ftuxl that goes into you by your lungs helps to make up 
tljfl iolid part of your bodies — your bones, muscles, skin, etc. But 
U in not Holtd when it goes in. It is a gas. There are a great 
many different kinds of gases or airs. The air that you breathe 
10 a mixturi] of tlioso gases. The gas that we burn js a very dif- 
fcretit glut from that we have in the air. If you live in a village, 
[inrhaiw you never Haw gas burning from a gas-burner. But yoa 
KO Htm buniing every day when jou see a flame of any kind, 
wliotbiir it comoH from wood, or coal, or a candle, or a lamp. The 
oil or Uillow in clmnged into gas before it bums. What we call 
ttauui in burning giw. When wood or coal is burned, all except 
tlui (UtlidH that are left goes off into the air, and burns as it goes. 

Mwit gaiMw have no color, and you can look through them as 
you IixjIc tlirougli glasB. You are always looking through gases, 
for tliri air, im I have told you. is a mixture of three gases. You. 
can not nee the air, and so you can not see any gae that has no 
color. Kor example, if a gas-burner be left open without being 
lighted, you can not see the gaa coming out, although you can 



smell it. The colorless g^es^are said then to be perfectly trans- 
parent, like clear glass, because objects are seen or appear through 
them, trans being the Latin for through. 

I shall tell you about many different gases in this book, but now 
I must speak particularly of oxygen. 

Oxygen, besides being a part of the air, is a part of almost 
every thing that you sec. It forms a large part of all the water 
in the world. As I have already told you, it is in your skin, and . 
muscles, aad bones, and every part of your bodies, and is the 
moat important part of the blood that runs in your veins and ar- 
teries. It is in all animals and all plants. It makes a part of the 
ground beneath your feet, and even the solid rocks are made in 
part of oxygen. This gas is the most abundant substance in the 
world, and so it ia more in use than any other substance. 

It may seem strange to you that so light and thin a substance 
as gas is can make a part of any solid, as flesh or bone. But you 
see every winter a liquid become solid, for ice is solid water. Now 
this same water, that is sometimes liquid and sometimes solid, is 
(Sometimes also as thin as air or gas. There is always some wa- 
ter in the air, even when it seems to be very dry ; and as in the 
clear air that seems so dry there is no water to be seen, the water 
must be as thin as the air itself. It is no more strange that oxy- 
gen gas can become a part of a solid, than that this water, as thin 
as gas, can be turned into solid ice. 

Oxygen gaa can be separated from some of the substances with 
which it is united, and so can be obtained alone by itself. The 
chemist commonly uses for this purpose a certain powder. What 
powder ia I will not tell you now, but shall notice its oQWfjj^ 
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There arc many beautiful esperimenta that can be tried i 
oxygen. I will notice some of them. 

Put a lighted candle into a jar of oxygen, aa in Fig. 5. It 
r^g, 6. burn now with a dazzling brightness, and will be 
f\ cohaumed. The reason is this. It ia the oxygen in 
f|T air tljat makes the candla bum at all. Of course^ 
//l\ ""^"^ oxygen gets to the candle, the brighter will it \n 
ii^\ Now only about one fifth of the air is oxygen, and so thi 
Y*JIY candle will bum five times as fast and as brightly ass 
common air. 
,,,„ ft For the same reason, if a lighted piece of cb» 

coal, which, you know, in the air is only of a dnE 
red color for a little while, and then goes out, bt 
I placed in a jar of oxygen, it will bum very actively, 
and throw off sparks all around, aa 
represented in Fig. 6. 
i no substance that makes so brilliant 
a light on burning in oxygen aa phos- 
phorus, Figure 7. A very thick white 
smoke arises, which ia most brilliantly 
illuminated. 

If sulphur be burned iu oxygen gas, the smoke 

has a most beautiful blue color; and the smoke ia 

' arranged in a very singular way, as seen in Fig, 8. 

iQon hotiicholil things andluble. Professor Porter has verif pretlilj sboim this in 
his Chemiatrj — a phial, a test tube, a bowl, some tobacco-pipes, and a spirit lamp be- 
ing all that \a nccesBary ia some caeca. Glass lubea are odcn very conTenieot. 
Thcae can be bent readily into any Tcquircd Bhape by healing over a spirit lamp. 
Holes can be made through cotks with a ronnd file, so that the Inbea can be passed 
tbrongh tham. 





I goea up straight in the middle of the jar, and then falls in cu- 
lous rings down the sides. 

[ There are some substances which most people think can not 
rtirn at all, that will burn verj readilj in oxygen. Iron ia one 
of these. If you take a piece of steel wire, and twist it 
s you see in Fig. 9, you can make a splendid fire with 
it in the oxygen. But how will you manage it? You 
I can not set it on fire in the air, and then introduce it into 
the oxygen, as ia done with the phosphorus, charcoal, etc. 
It is managed in this way. The end of it is dipped in 
sulphur, or has a bit of something which will bum in 
common air fastened to it, as cotton or charcoal. You light this 
sabstance, and then introduce the wire into the jar of oxygen. 
The substance on the end of the wire, in burning, seta fire to the 
wire itself, and now the sparks fly most merrily. 

Questioaa. — What ia said abont the word oxygen P How do yon have ft great 
deftl to do with oxygen? What wonld happen to yon if you could not get any of it 
into yODT longs? What ia said abont oxygen as food? Give the compariBon be- 
tween Btomach-lbod and lung-food. What docs oxygen gaa help lo make in jonr 
body ? What is flame ? Of what is the gas nmdc in n candle or lamp ? What ia 
aaid abont gases being transparent ? What does tlio word transparent como from ? 
Manlion aotno of the things in which there is oxygen. What is said about its mak- 
ing a part of solid Euhstancea ? Tell about obtaioing oxygen gas. Describe the 
pneumntic trough, and the way in which it Is used in collecting gas in jars. De- 
Boritie the npparatoa represented in Fig. 5. Describe and cuplain the experiment 
with It lighted candle. Give the experiment with charcoal. How does pbDsphoms 
hint in oxygen ? Describe the experiment mth. sulphur. Describo the experiment 
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CHAPTER m. 

NITROGEN. 

To every gallon of oxygen in the air there are about four gal- 
Ions of another gas called nitrogen. 

This gas is very diflferent, in some respects, fix)m o^gen. 
Nothing will bom in it Suppose that you have two jai& in 
one of which is oxygen, and in the other nitrogen. If you put a 
lighted candle into the jar of oxygen, it will, you know, bum 
brighter than it does in the air. But if you take it out of the 
oxygen, and put it into the jar of nitrogen, it will go out Not 
even phosphorus will burn in nitrogen. So, if all the oxygen 
should be taken out of the air, every fire and light would go out 

Besides this, no animal can live in nitrogen gas. If you put a 
mouse into a jar of oxygen he will be more lively than in com- 
mon air, and will act as if he were crazy, jumping about in the 
most singular manner ; but if you should put him into a jar of 
nitrogen, he would die at once. And if all the oxygen should be 
taken out of the air, all animals would die, just as all the fires and 
lights would be extinguished. 

But this nitrogen gas does not really put out fires and lights. 
A light) when placed in a jar of nitrogen, goes out merely because 
there is no oxygen. It must have oxygen to keep on burning. 
Only put a little oxygen in with the nitrogen, and the candle will 
bum ; for it does burn well in a mixture of oxygen and nitrogen, 



r^^^m 



bat is, common air, in which there is four times as much nitrogen 
IB oxygen. 

So, too, nitrogen does not Mil any animal, although he can not 
tve in it. It does not act as a poison when it goes into the 
jDngs; for there is going into tho lungs of all animals, all the 
Bme, four times as much nitrogen as oxygen. The mouse dies 
1 the jar of nitrogen simply because nitrogen can not keep him 
live, as oxygen does. 

Of what use, then, is the nitrogen in the air, aa it does not help 
I make any thing burn, or keep any thing alive? I will tell 

DU. 

Suppose that the air were all oxygen instead of being a mix- 
rture of oxygen and nitrogen. What would happen? You can 
see by calling to mind the experiments in which diiFerent things 
were burned in jars of oxygen. Our fires and hghta would burn 
I very brightly. This would sometimes be quite convenient. We 
should not be troubled with dull fires and dim Hghts. It would 
be one of the easiest things in the world to kindle up a fire. But 
then, on the other hand, there would he a great deal of incon- 
venience and danger from so much oxygen. Things would bum 
too fast. They would be too ready to take fire. We should have 
things taking fire much oftener than now ; and when a fire once 
was a going, it would be very hard to put it out. If a block of 
houses should take fire at one end, there would be no stopping 
the fire ; it would go through the whole block. Whole towns 
and cities would he often burned up. The sparks from locomo- 
tives would be continually setting fire to some bridge, or fence, or i 
^Aouse. We should have to be much more careful about fire ^^j^^H 
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Why there b ao mnch nitrogen in the air. 



we now are, and it would be one of the chief occupations of. 
put out fires. 

Besides all this, if the air were wholly oxygen it would b 
jurious to all animals. It would be too heating, too stimula 
With so much oxygen going into our lungs, we should be all 
time as hot as we are after exercising violently. This wo 
make us very uncomfortable. We should be forever fiuuii 
ourselves, and drinking cold water, and seeking for cold air. i 
flammations and fevers would be produced, and we could not li' 
long in this way. 

It is chiefly for these reasons that God has given us our ox] 
gen mingled with so much nitrogen. It is very much as we tab 
some medicines. They are put into sugared water because it 
would not do for us to take them clear. The sugared water is to 
the medicine as the nitrogen is to the oxygen. Suppose the med- 
icine is some strong acid. It would make your mouth sore if yoa 
should take it clear, so we dilute it, as we say, with sugared wa- 
ter. In like manner, the oxygen is diluted with nitrogen, that W6 
may take it into the lungs without harm. 

Nitrogen, you see, is a very mild sort of thing. It just goes 
along every where with the smart and lively oxygen, and keeps it 
from doing too much in the ways that I have mentioned. But 
you will find, before you get through with this book, that nitrogen 
is, after all, no milk-and-water character. It is ready to do when 
there is need of its doing, and it unites with many substances to 
do some very smart things. I will mention here only two exam- 
Dies of this. Nitrogen unites with oxygen, as you will see in the 
lext chapter, to form one of the most powerful acids in the world, 
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:. aqua fortis. It ia also one of the two ingredients of ammonia, or 
fcartsliorn, whicli so tingles your nose whenever joa smell it. 

You can get nitrogen gas from the air by a very pretty exper- 
iment. All that you need ia a large basin, a good-sieed glass jar, 
. a flat cork smaller than the open end of the jar, some powdered 
at chalk, and a bit of phosphorus. Fill the basin with water; hol- 
g low out a little place on the cork and sprinkle some chalk into it; 
I place the pht^phorus on the chalk, and then put the cork into the 
Kwater, Setting fire to the pbopphorus, you put the jar over it 
Iwith its edge in the water. Think, now, what you have in the 

■ jar. There is a mixture of oxygen and nitrogen, that is, air. 

■ Then you have the burning phosphorus. Now the phosphorus 
I burns because there is oxygen there. If there were nothing but 
■nitrogen in the jar it would not burn at all. If you watch the 

pxperiment jou will soon see that the phosphorus burns rather 
iimly, and at length goes out, although there may be coasidcra- 
ible phosphorus left on the chalk. Why ia this ? It is because 
the oxygen is aU gone, and there ia nothing now but nitrogen in 
the jar. 

Ygu will see that the cork has risen in the jar, being pressed 
up by the water. "Why ? The part of the air in the jar which 
is oxygen is used up, and so makes room in the jar, and the wa- 
ter and cork are pressed up to iill this room. One fifth of the air 
ia the jar ia gone, for oxygen makes one fifth of the air. There 
is, then, this amount of room made in the jar. 

But what has become of the oxygen? It is not lost in the 
burning. It is united with the phosphorus, and they, together, 
make the white smoke which arises when phosphorus ia burned. 



in oxygen, as represented in Fig. 7. This smoke is an acid,-whid 
the oxygen and the phospliorua make together, called phoephoti 
acid. This soon disappears, and the reason is that the acid '" 
the water so much that it just goes down and unites with it. Tlu 
leaves the nitrogen alone in the jar. 

In this experiment the nitrogen is let alone. The burning ph(» 
phorus will have nothing to do with it, but takes all the ozygei 
out of its company. The phosphorus likes the oxygen, and ' 
ready to join company with it ; or, as the chemista say, it haa i 
affinity for oxygen, while it haa not for nitrogen. 

You will want to know how much phosphorus to use. If yo« 
jar will hold a quart, a piece of phosphorus twice the size of 1 
large pea will be needed. As phosphorus takes fire easily, greit 
caution is required in managing it^ 

Quatiom. — What proportion or air is nitrogen? Tell aboat pnttia^; s lighMl 
candJe in this gaa, What woald happen la the fires anil lights if all the oxjgca 
were taken oat of the air? Tell about the difTercncc between oxygen and nilrogoi 
in regard to life. Whj does a light ro oat when pat into nitroBcn gas ? "Why ded 
an animttl ilic when put into it? Tell what would bappen to fires and tights if dw 
air were all oxjgcn, What influence would it hiiTc on aniiuola? Of what lue it 
the nitrogen in the air? Give the ccmparlBon of the medicine in sugared watal>- 
What does the word diltUc moiin? What is said abont tho character of nitrogent 
What two very active sabatancci are partly composed of it? Tell how yon would' 
arrange jonr apparatui for obtaining uicrogeo. What now is the jar filled wiihf 
Why does the phosphorus bum ? Why does tho cork rise in the jar ? What b«- 
comei of tlie oxygen in tbc jar? How ia it that tho nitrogen islcft atonointhe jart 




^ CHAPTER IV. 

AQUA F0RTI3 AND THE LAUGHING GAS. 

In air, as you have seen, oxygen and nitrogen are only mixed 
together. The oxygen is diffused through the nitrogen as alco- 

^^Tiol is diffused through water when they are mixed. But oxy- 
gen and nitrogen can be united together in such a way as to form 

^ compowads that are very different from the mixture that we call 

21 air. 

_ One of these compounds ia nitric acid. This is called aqua 
fortis, which is the Latin for strong water, because it is so very 
powerful an acid. It will eat cloth, and even flesh, if dropped 

, upon it. How strange it is that such a biting acid is composed 

• of two gases that are so quietly going into our lunga every time 
that we breathe! 

These gases, mixed together so thoroughly in the air, have no 
disposition to unite together to form this acid. It ia very difficult 
to make them unite. All the shaking which the air gets in vi- 
olent winds and whirlwinds will not do it. Air is sometimes 
greatly heated, but the heat of the hottest furnace can not unite 
the oxygen and the nitrogen of the air in the furnace together. 
A flash of lightning, as it passes along through the air, will make 
them unite so aa to form nitric acid ; but there is only a little of 
it made in this way. This little, however, being carried down in 
the rain, is of use to the farmer and the gardener in making things 
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Singular effects of the Unghing gas. How it diflen teom nitrip afdd. 

grow. How this is you will learn, when you are a little older, in 
the next book that I will give you on Chemistry. 

There is another compound of these two gases which is of i 
very different character from the nitric acid. It is in the fonn 
of a gas. It can be breathed, and it does not irritate the lungB. 
It produces, however, a very singular effect upon the system, 
making the person who breathes it delirious. In this delirium 
persons act very differently from each other. One, perhaps, bom 
and smiles continually ; another dances ; another tries to kiss all 
the ladies present ; another laughs ; another declaims with greA 
eloquence; another wants to fight — and so on. The delirium 
lasts, at farthest, but a minute or two commonly ; and when tiie 
person comes to himself he does so all at once, and seems to be 
half ashamed of what he has been. doing. 

Now a person in breathing this gas takes into his lungs cay- 
gen and nitrogen as he does when breathing air; but they aie 
not merely mixed, as they are in air, but are a compound. They 
make a new thing, different from both the oxygen and nitrogen, 
as they do when they unite to form nitric acid. Neither nitrogen 
or oxygen, or their mixture in air, ever produces an intoxicating 
delirium, as does their compound, the laughing gas. 

Observe how these two compounds, nitric acid and the laugh- 
ing gas, differ from each other. One is a liquid which stains and. 
corrodes. The other is a gas, soft and mild, but when breathed 
it makes people crazy. It is so generally disposed to make them 
pleasant and laughing that this has given it its name. 

The reason of the difference between the two is in the different 
proportions of the ingredients. The nitric acid has a great deal 
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WbM vould bappeo if oxygoD and nltTOgeo Dtilted euUf. 

B of oxygen in it than the laugliiug gas has. It has just five 
!S aa much ; that is, to every pound of nitrogen there is five 
!3 as much oxygen in nitric acid as there is in the laughing 

I There are three other compounds of oxygen and nitrogen, mak- 
3 in all. The proportions of oxygen in them are exactly 
S 1, 2, 3, 4, and 5. The laughing gas has the smallest proper- - 
ion, 1, and the nitric acid the highest, 5, 

Suppose that the oxygen and nitrogen in the air were very 
much disposed to unite together, forming compounds. What 
would happen? Suppose, for example, that once in a while these 
gases should unite in the air and make a large quantity of laugh- 
ing gas. In whatever country this should happen, all the peopJe, 
men, women, and children, would be running about crazy, laugh- 
ing, kissing, and playing all manner of strange pranks. 

Or suppose that these gases should all at once unite to form 
nitric acid in the air. It would rain down upon the people, de- 
stroying the life of every animal and every plant, eating them, 
and thus make the earth desolate. 

If the nitrogen and oxygen that are now in your lungs should 
in a moment unite to form nitric acid, it would so irritate and 
corrode them that you would probably die instantly of suffocation. 

But the Creator has so made these gases that they can not 
unite together when they are mixed, and the air is one of the 
mildest and pleasantest of all the mixtures that he has given us. 
"WTien, at the end of the creation, he pronounced all his works to 
be " very good," he meant the air as well as other things. It ia 
good — very good — for all the purposes for which it is wanted. 
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Contrast be t ween phoe^oiniB and nitrogen in uniting with oxyg&a. 

God has made some things in such a way that they will miite 
together very readily. Thus you saw, in the experiments in 
which phosphorus was burned, on pages 20 and 25, that phos- 
phorus unites with oxygen and forms phosphoric acid. Now, if 
phosphorus were diffused through the air in fine particles as ni- 
trogen is, it would not do to have it unite so easily with oxygen. 
Mf But there is none of it in the air, and it is present only in those 
places where it will not do harm, but good, to have it like the ox- 
ygen so well. This, and many other things that I shall tell you 
about, show that the Creator fits every thing exactly for the 
places it is to be in, the company that it is to keep, and tiie thinp 
that it is to do. 



QluesHona. — ^Is air a compound ? Give the comparison about alcohol and 
Of what is nitric acid composed ? Why is it called aquafortis f What is said q£ 
the difference between this and the gases that compose it ? What of the difficult 
of making these gases unite to form nitric acid ? Tell about the effect of li^tning 
upon them. Of what is the laughing gas composed ? What are its efiects when 
It^reathed ? Why is it called laughing gas ? What is said of its being a compcrandt 
What of the difforence between this compound and nitric acid ? What Is the eaoBO 
of this difference ? How many compounds of oxygen and nitrogen are there ? Whift 
are the proportions of oxygen in them ? If the oxygen and nitrogen in the air wen 
very ready to unite together, what effects would be produced ? What would happa 
if the oxygen and nitrogen now in your lungs should all at once unite to form nitrio 
acid ? What is said about the creation of air ? What about the readiness of phot. 
phorus and oxygen to unite ? ' 



i CARBON. 

IU8 far I have spoken of there being two gases in the mix- 
(iOiat we call air. But there i3 a third gas, in very small i 
mtj, in the air, called carbonic acid, or carbonic acid gas. 
1^ is only one gallon of this gas in every 2500 gallons of air. 
ru,. 10. The proportions of the three gases in the 

air may be illustrated by Fig. 10. The 
largest square represents the nitrogen, 
the next the oxygen, and the very little 
one the carbonic acid. Although there 
is so small a proportion of this gas in the 
air, the little that there is has a very im- 
Bt influence, as you will soon see. 

rbonic acid gas differs from oxygen and nitrogen in being 
osed of two things. Oxygen is one thing, and so is nitro- 
Neither of them can be in any way divided into two things. 
1 therefore called elements, or elementary substances. But 
aeid is not an element, but a compound, for it is made of 
inga united together in one. Observe that these two things 
mixed together as the two elements nitrogen and oxygen 
he air, but they are united together bo as to make one 
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e thing 



B much one as if it were really an element. The two , 
iBta which compose carboaio acid are your lively friend that I 
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CharooaL CoaL Btoekleftd. DfatmnndR, 

you have become so well acquainted with, oxygen, and another 
that I will now introduce to your acquaintance, carbon. 

Carbon appears in various forms, but the most common is thai 
of charcoal. It is for this reason that the two names, charcoal 
and carbon, are ordinarily used by chemists as meaning tte same 
thing. The various kinds of coal that we. bum are mostly car 
bon. Plumbago, or black lead, as it is called, is a form of carbon. 
It is this which is used in our lead-pencils. The name black lead 
is very improper, for there is not a particle of lead in this sub- 
stance. It is wholly carbon, with the exception of a very, very 
little iron which is generally present in it. 

In the diamond we have carbon perfectly pure and beautifully ! 
crystallized. How strange that this most costly and brilliant of 
gems should be made of the same material with common dull and 
black charcoal I But so it is. And yet no man has ever discov- 
ered any way of changing charcoal into diamonds. The Creator 
alone knows how diamonds are made. 

Diamonds are very expensive. Fifty dollars will buy but a 
small one. The largest one ever found is about the size of Haifa 
hen's egg. The famous one which now belongs to the Queen of 
England is less than half of the size of this, but it is valued at 
three millions of dollars. 

Diamonds are commonly found in the sands of rivers, and there 
is generally gold with them. There are many diamonds found 
in Brazil. A few have been found in this country, mostly in 
North Carolina. 

The diamond is the hardest substance in the world. You can 
not scratch a diamond with any thing else but another diamond ; 

i 



and in preparing a diamond to be set, it ia ground with the pow- 
der of diamonds. The instrument with which the glazier cuts 
glass has a small diamond in its end. 

All the different forms of carbon can be burned. Most of them 
bum in common air; but black lead and the diamond will not. 
To bum them you must have oxygen alone, wilhouj any ni- 
trogen. 

Observe what comes from this burning of carbon. You re- 
member that in Chapter HI. I told you that when phosphorus 
ia burned it unites with the oxygen of the air, making phosphoric 
acid, which goes up in fumes. So, when carbon burns, it unites 
with oxygen, and forms carbonic acid gas. This gas is formed 
when we bum a diamond in oxygen, as well aa when we bum 
common charcoal. It ia rather aa expensive experiment to bum 
up a diamond, and it has not often been performed. 

The charcoal that we use is, you know, made from wood. It 
is wood that is only partly burned. It is made by burning wood 
in a heap, which is covered up with turf and dirt. There aro 
some small openings left above and below, bo that a httle air 
can circulate among the wood, and thus keep up a smothered 
burning. 

The explanation ia this. Wood ia composed of carbon, united 
with some other things, Now what wc want to do is to get the 
carbon alone by itself. This we do by burning the wood just 
enough to drive these other eubstancea that are with the carbon 
in the wood off into the air. Some of the carbon is hJat in this 
burning, for the oxygen unites with it, and they fly off together 
aa carbonic acid gas. But most of the carbon remains, and we 
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Experiment. How h&rd coal was made. Smoke and aooi. 

have it in the shape of charcoal. In making charcoal it is neces- 
sary to take great care not to let in too much air, lest the fire 
should be too free, and bum out more of the carbon than is re- 
quired. As there is always considerable water even in wood 
that seems to be very dry, this is driven off by the heal 
mingled with the smoke. 

You can readily make charcoal in a small way. Take a 

test tube, a. Fig. 11, and hold a burning slip of wood, 6, in 

it. The tube prevents the air from getting freely to the 

wood, and makes a smothered burning, and so you havfe a 

a slender piece of charcoal. 

Hard coal is almost wholly carbon. It differs from cha^ 
coal in being very solid. It is supposed that all the coal 
that man gets out of coal-mines was once wood. How, then, did 
it become coal ? Man can not make such coal from wood ; but 
God can do a great many things that man can not. But do we 
know how the Creator made this hard coal? We know some- 
thing about it. We know that there must have been great heat 
and great pressure at the same time. While the wood was heated 
or partly burned, the rocks, we know not how high, were press- 
ing down upon it, and so made the coal very solid. 

Soot is mostly carbon. It forms in the chimney in this way. 
Most of the wood, in burning, has its carbon unite with the oxy- 
gen of the air, forming carbonic acid gas, which flies off. This 
gas you can not see any more than you can air. But the smoke 
of the fire you can see, so that there must be something in it be- 
sides carbonic acid. What you see is made up mostly of very 
fine particles of carbon which are thrown off from the burning 
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wood and fly up the chimney. Many of these particles lodge on 
the chimney'a sides in the form of soot. 

When a lamp amokea because the wick is too high, the smoke 
is made up of these little particles of carbon, for there is carbon 
in oil as well as in wood. The reason that it smokes is that 
more carbon comes np the wick than is sufficient to unite with 
the oxygen that comes to it. If you cotJd make the oxygen 
come to the wick faster, it would atop the smoking ; for then 
there -would be oxygen enough to turn all the carbon into car- 
bonic acid gas. So, too, the smoking would stop ii' jou should 
put the lamp into ajar of oxygen gas. There would, in that case, 
be five times as much oxygen all around the wick as there is 
when the lamp is in the air. 

The lampblack so much used in painting is a kind of charcoal. 
It is made by letting the smoke of burning pitch or rosin into a 
n,,, IS. sort of chamber lined with leather. In Fig. 

12 you see the process represented. In the 
iron pot, a, some pitch or tar is made to boil, 
and the fumes pass into the chamber 6, c, 
which is lined with leather. At rf is a sort 
of hood, the height of which can be regu- 
lated by a pulley. This is to keep the 
fiimes from passing upward too rapidly. 
The lampblack collecta on the leathern 
sides of the chamber. 
There is much carbon in many very dif- 
snt things that we see every where. There is carbon in chalk 
1 marble. It is combined in these with oxygen and lime, so 




, that it does not show itself as carlxin any more than it does id 
, carbonic acid gas. It is in egg-shella, oyster-shells, and in all 
ahells. It is in all wood, aa I have before told you, and makes 
I an important part of all leaves, flowers, and fruit, and, indeed, of 
most vegetable substances. Your body, and the bodies of all an- 
imals, have carbon as one of its principal ingredients. But it 
does not show itself in them aa carbon any more than it does in 
the white chalk and marble. It is hidden in them by being 
united with other things. By separating it from these things, it 
can be brought out from its concealment, and be shown aa cw- 
bon, as yon have seen that we do when we make charcoal from 
■wood. 



QiuttioBs. — How many Eases arc tliere m the air? How much carbonic aeU B" 
il tbecB ia it 7 Explain Fig. ID. WhnC is an element ? What elements ore theiB 
in the air? Wbj is carbonic arid called a compoimd? What ore the two elemenUili 
it ? What ia the most common form of carbon ? What ia plumbaRO ? What is th^ 
diamond? What is said of the making of diamonds? What of their size ande*--^ 
penae? Where arc Ihej found? What is said of their hardncBs? What is «ai^* 
of burning carbon ? What is formed when we bnm it ? How is charcoal com 
Ij made? What is the explanation? What care is needed in making charcoal "^ 
What becomes of the water that ia in the wood ? Explain Fig. 11. How d<»a hart^^^ 
coal differ frem charcoal? How is it probable that it was made? Tel! abont aoot.-' 
Why does a lamp smoke when the wick is high ? Why wonld It stop smoking if yois^ 
should pot it inioosygea gas? What is lampblack, and how is it made? Mantle 
some of the gabatances that have carbon in them. What is said about at 
I from them ? 
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CHAPTER VI. 

CARBONIC ACID. 



Caebonic acid gas, as you learned in the previoua chnpter, is 
composed of the solid carbon and tte gas oxygen. The solid is no 
longer a solid, but is nnited with a gas to form a gas ; and then 
this gas thti3 formed is united with many substances to form 
solids. For example, in chalk and marble we have this gas com- 
bined with lime. 

Now we can obtain carbonic acid from either of these sub- 
stances, chalk and marble, by putting with it something which 
■will take away the lime from it. An acid which we call muriatic 
ecid will do this, because it has a greater liking or affinity for the 
lime than the carbonic acid has. If we pour, then, some of this 
scid into a glass vessel, and drop in some pieces of chalk or mar- 
He, we can get the carbonic acid gas away from the lime. An 
effervescence at once occurs. This is caused by the gas, which 
3B set free from the chalk as the muriatic acid takes the lime away 
^m it. The gas rises, and, pushing up the air before it, fills the 

9 vessel. 
JToq wUl want to know how much of the muriatic acid and the 
ialk you will need to use in making the gas. If your glass jar 
iWds a quart, pour into it two teaspoonsful of the acid. Then 
fop into it little bits of chalk till the effervescence ceases. In 
8 way you will get your jar full of the gas, the muriatic acid 
i the lime being united together in the bottom of it, 



87 



SS CABBOXIC ikODL 



Thi» is coDimonlv spol^en of as one of the wmjs otmaking \ 
gas: bat this is haidlT a pioper expiessioiL The gas is 
modlf : it is in the chalk, uniied with the lime^ and we only se 
rate it firom the lime bj putting mniiatic add there to take 
lime awav from it. 

But thoI>i^ ai^ wars c^r^^mAt/ this ga& For example, when 
bum chanx>al in a jar of oxTgen. as lepresented in f^g. 6, 
carbon unites with the oxrgen in the bumkigy and we have 
the jar carbonic acid ga& Heie we make the gas^ for we ca 
the carlvn to unite with the oxTcen and thus fonn it 

So. al:«<\ wc make carbonic acid if we bum charcoal in ajar 
common air. In such case, however, we do not get it alone, 1 
it has a largo quantitr of nitrogen min^^ed with it; you can ' 
how much, for you know what the proportion of nitrogen is in j 

Whenever, in fact you ^n fiit^ to any common thing in the i 
wood* or a caudle or a bit of rag or paper, you set a going ' 
mauufocturv of carlx>nic acid ga& There is carbon in all th 
things, aiid in the burning it unites with the oxygen of the j 
aiul R>nus carlx>uic acid. 

For most of the ojcperiments that we want to try with carbo 
acid^ it answers to obtain it in the wav that I first mentiom 
but for some exjvorimonts it will not do to have any thing left 
FWt^ tsk U\o iK^ttom of the jar. In that case the gas must 
made in a rt>tort or a flask, and so pass out and 
oollooteil in jiurs» as wu remember we obtain oxyj 
gas. Or, wo can obt^un it in the way represented 
Mg. 18, Here you soo a th^ containing the chj 
and the muriatic acid. A bout tube is iastened into the cork 
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KbCUqgcan bum in tUt gas. No animal can lire in it. 



^^ end, and the othd^end is at the bottom of the jar in which 
^ want to collect the gas. Now observe the operation. There 
^ air in both the flask and the jar. This is driven out by the 
SBs as it forms. ' This gas is considerably heavier than air, and so 
i «^ air in the jar very readily passes out, and leaves the jar full 
-^ Qfthegas.^ 

^ ~ Iiet us look, now, at some of the qualities of carbonic acid gas. 

-it has no color, and is transparent In these respects it is like ox- 
~^ yS^tx and nitrogen. It has a fiiint smell and a slightly acid taste. 

. Nothing will bum in this gas. If you lower a candle into a 
J jar ^f j^ j|. ,^^ g^ ^^^ ^ ygjy pretty experiment is sometimes 

•n^^ showing how different this gas is from oxygen in this re- 

^P^^M;. We have two jars, one full of oxygen, &ad the other of 

^'iDonic acid. If the candle be lowered into the jar of carbonic 

■^^, it goes out If, now, we instantly put it into the jar of oxy- 

°'^^,the spark of fire on the wick lights up at once into a bright 

T^^^^^oe. And so we can pass the candle back and forth several 

^^^^es, putting it out and relighting it each time. 

, \Vhy does the candle go out in the 6tobonic acid? Because 

^^re is no oxygen there to make it bum. But perhaps you will 

^^ that there is oxygen there, for earbonic acid is composed of 

^^^gen and carbon. True ; but the oxygen is not there as oxy- 

^^"^, for it is united with the carbon so as to make something en- 

■^^ly different The union is a close one. The carbon clings, as 

^^■^ may say, to the oxygen, and will not let it go to the burning 

*^^aidle. 

.^^ As nothing can bum in this gas, so no animal can live in it 
^^ a mouse into a jar of it, and he will die at once. I have told 
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Pouring carfoonie add npoo a candle. 
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yoa that there is a little of this gas in mmmon air, bat it is 80 
very little that it does no harm to ns and to other aniTwala. 

Carbonic acid gas is mach heavier than air. You can therefore 
pour it) like water, firom one vessel into another. Of course the 

vessel into which you pour it is full of air. 
What becomes, then, of the air? It rises and 
goes out of the vessel, just as oil would if 
(J) you should pour water into a vessel filled 
with it 

Suppose, as represented in Fig. 14, you 
have a lighted taper in a jar of common air, 
and hold a jar of carbonic acid gas over it^ 
as you see there ; the gas will go down into 
the lower jar, forcing up the air, and put out 
the light. 

In Fig. 15 is represented a very pretty ex- 
periment, which shows that this gas is hear* 
Fig.i5c ^ icr than air. In th^ 

first place, you balance 
a jar by a weight IT 
say balance a jar. Ib 
that exactly correct? 
Is there not something 
in the jar? " No," you 
will perhaps say, " it is 
empty." But think a 





moment. That jar is ftill of something, and that something has 
weight It is full of air. You have balanced, then, a jar lull 
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Now if, as represented, some carbonic acid gaa be poured 
1 into the jar on the scales, the jar will fall and the weight 
will rise. Why ? Because there is now a gaa 
■ I in the jar that is heavier than air, 

I If yon have a jar iilled with this gaa, you 

fllpi^^JlJ^ can take it oat with a little bucket, as seen in 
Fig. 16. As you take one bucketful after an- 
other out, you can pour it away as you would 
water ; and the air will go into the jar to take 
the place of the gas as fast as you remove it 

If you blow a soap-bubble and let it fall into 
ajar full of carbonic acid gas, it will not go to 
the bottom of the jar and break, as it would if 
the jar were full of air. It will fall down a lit- 
; tie into the jar, and then go back and remain in 
its open mouth. Why is this ? The air that 
m have blown into the bubble ia lighter than the gas in the jar, 
d the bubble therefore floats on the surface of the gaa as a boat 
iata on the surface of water. If the jar be only half full of the 
,s, air filling, therefore, the upper half, the bubble will stop half 
ly down in the jar, and there remain. 

Queifions.^What is said of iha fonnation of carbtmie acid gaa? What is the 
npositioD or chalk and marble ? How can vie get the carbonic acid from them 7 
yoa wiah to make a qnart of carbonic acid gas, how would 70a do it F Esplain 
S. IS, Uow is carbonic acid like ojiygcn and niErogcn 7 What arc its taste and 
icll? Give Iha experiment with the two jars of gases. Whj doca the candle go 
n the carbonic acid? What ia said of the union of oxygen nilh carbon in this 
' Bow about living in carbonic acid? What is said of the weight of thl< gu?J 
n Pig, It, Give tho experiment ropreaented in Fig. IG. Dtaeribe a 
le ffiqieriment with the aoap-bubhlc 
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CHAPTER TIL 
CASBOKIC ACID — Qmlinued. 
A TERT eotertainiDg ezperiment, showing tliat carbonic 
^^ nt.1T. gas is heavier thai 

^^^^ is represented in Fi 

^^^^^ The gas is poured 

^^^^ I / tipon a TOW of li, 

^^^/ -■■ I ^ ^^ K candles, patting on 

" . . / after another. 

This gas has bera 
to pnt oat fire, 
years ago a fire bej 
a coal-mine in Sco 
I and burned away ai 
a rate that it coald i 
put out by any common means, and the mine could no lonj 
wotlted. There wnn danger that a large amount of coal wot 
tfOfisnmed if the flre continued long. A Mr, Gnmey contrii 
SOfne Wfty to tnaka a great qunntity of carbonic acid gas in j 
of iliB mjno where it would uink down to the fire, and put i 
As onrbotilo tuM gem in m heavy, it is apt to remain belo 
Whomvof it oollttotfl. tt sometimes ia produced in conside 
quimtlty in wolls, Wlicn this is the ease it remains at thf 
torn of ibe well' BuppOM a man goes down into such a w 
elOMi k; h« will have no difEoulty at first, because the 
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good ; that is, it has enough of oxygen in it, and not too much of 
carbonic acid. But when he gets near the bottom, where the 
drbonic acdd gaa has accumulated, he gasps for breath, and fells, 
feihaps some one, not understanding the cause of the trouble, 
goea down to relieve the man, and he also falls senaeleas. Man; 
ires have been lost in this way. 

Now how can we find out whether this gas has collected in a 
*ell? Let a light down. If it goes out, there is a good deal of 
lie gaa there ; and if it bums dimly when it comes near the bot- 
tei, there is enough of the gaa to make it dangerous. A very 
good way is for the man who goes down a well to take a candle 
pii-, IS. with him, as you see in Fig. 18. 

He must hold the candle con- 
siderably below his mouth, or it 
will do no good. If hia light 
goes out,"or becomes quite dim, 
be must stop at once, for anoth- 
er step would bring hia mouth 
down into the gas, so that he 
would take it into his lungs. 

Now the question comes, 
when there is some of this gaa 
in a well or pit, how can we get 
rid of it, so that it may be safe 
for a man to go down into the 
well ? There are several expe- 
dienlfl for this. One is to let' 
ttwn a bucket a good many times, turning it each time upside 
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down in the air to let the gas fiJl oat. This will remind 
the experiment represented in Fig. 16. 

But this will not get all the gas oat. Well, another ex 
is to let down a baadle of straw or shavings on fir& Th 
the gas, and so makes it lighter ; and, therefore, if the bu 
held to one side of the well, the heated gas will pass ap tl 
g^ ul while cool good air will go down the < 

take its place. The manrier in which ' 
erates can be illnstrated by the expeii 
Fig. 19. In a jar of carbcmic acid gas 
placed a flask fvill of hot water, and oori 
rests on a pad, to keep it in its place 
side of the jar. This heats the gas all u 
and there is, therefore, an apward cturent 
side of the jar, while there is a downwi 
rent of cool good air at the other side. 1 
currents are indicated bj the arrows. 1 
I gas is driven out can be shown bj letting 
I ed taper down into the jar. If it b all g 
taper will bam as brighllv as when it is ■ 
f Another expedient b to throw some slaked lime, mizi 
', down tha stiles of th« well Otjserre how thb o 
n remember that ehalk b cojapoeed of caiboak> aeid ai 
Row there b the c«rbonio acid in the well, aitd if yoa 
time there, so that thia gt» oau gel at it, tWv will uoita I 
and fona ohalk. This b »b« objw4 of having tJw iituOwe 
1 water drip down iW 8id« t>f thi' wcU, TV gas uuil 
b lime, and so chalk b fonned, and 9li<^a to Ao tftooes 





n see ihai. if the dij lime weie thrown down it would pass 
quickly throngh the gas, and be lodged in the water below where 
be gss could not get at it. 

There is always, as 1 have before told you, eome carbonic acid 
gli is the air, but it is mixed up with the nitrc^en and oxygen. 
Why is it thus mixed with them? As it is heavier than these 
JSak, why does it not lie all along close to the earth with these 
«l>ove it, as water lies under the hghter oil when they are in a 
Wsael together? It is because gases are so ready to mingle to- 
BKher. The least motion will make them do it at once, and you 
*now that there is always motion in the air. Even when it ap- 
pears to be still there is some motion, as you may know by the 
*<3te8 which you see flying about in the air in a still room as the 
Kinbeams shining in reveal them to your view. 

Gases mingle together as spirits of wine and water do. They 
' e very different from oil and water in this respect. You may 

Jre oil and water, and yet they will not mingle. The water 
fill, after the shaking is over, take its place beiow the oil. But 
r and spirits of wine, or any kind of liquor, shaken together, 
Irill mix thoroughly, and stay mixed. So it is with the gases 

t make up the air. 

K you pour some alcohol or spirits of wine very carefully into 
I vessel partly filled with water, the water, which is heavier than 

e alcohol, will remain at the bottom. Just so the carbonic acid 

s, which is heavier than the air, will remain very quietly at the 
lottom of a well when it is formed there. It is because the air in 
he well is so still. If you could shake up the air and the car- 
c acid aa you can the alcohol and water, you could moke 
1 mingle together. 
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See now what would happen if carbonic acid gas did not mil 
gle with the other gases of the air. Being heavier than thej an 
it would get below them, as water gets below air. It would mak 
a sea of gas over the sea of water, covering all the valleys an 
plains. You see what would be the consequence to ns and oth< 
animals. No animal, small or great, could live any where esce] 
on hills aad mountains, for there only could he find any oxyge 
to breathe. 

There are some places on the earth where carbonic acid coUec 
in large quantities. There is such a place in Italy, called tl 
Grotto del Cane, or Dog's Grotto. The reason of this name yc 
will soon see. On the floor of this grotto or cave there is alwa; 
a layer of tliis gas. The layer is high enough to reach above tl 
head of a dog, hut not the head of a man. A man lives near I 
who shows the grotto to visitors, and, in doing this, he takes 1: 
dog in, who of course falls down senseless. He brings him oi 
however, quickly into the fresh air, which, with a dash of oo 
water, revives the dog, so that the same thing can be shown 
the next visitors. But you can see by his leanness and the dii 
ness of his eye that he is dealt with hardly ; for this gas, unlil 
nitrogen, is really poisonous. The dog falls senseless not mere 
for want of oxygen, but because the gas does him positive harm 

Where do you think tho gas in this grotto comes from 7 
comes out from crevices in the rocks, being made somewhere 
the earth near by. It is not uncommon for it to come out fro 
such crevices and from cracks in the earth, and sometimes it bu 

* To realize ihia difference bctnocn this gas nnd nitrogen, turn back to Hbiit 1 1 
about nitrogen on page 23. 
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is Qp ttrough the water of apringa in the Deighborhood of vol- 
I canoes. Generally, however, it flies off in the air. Why, then, 
I ^i*s it collect in this grotto? It ia because it ia so much shut in 
I that the air does not circulate freely, and so some of the gas re- 
iWina on the floor of the cave. 
Tiie operation of the Grotto del Cane can be illustrated by 
Fig. sn. a simple arrange- 

ment represented 
in Fig. 20. "We 
have here a box 
with pasteboard, 
ABB, fastened all 
around the edges, 
variously cut and 
painted so as to 
represent rocks. 
Tl e lower edge 
?t, of course, 
e a piece of the 
I teboard, A, to 
keep the gas from 
il there, A hole is made on the top through which the 
I be let down nto the m tation grotto There is also a 
hole in the side for the p pe that brings the gas n from the hot- 
tie, C. If yott remember what I told y about obtaining car- 
fic acid gas, you c n tell what s n that bottle On looking at 
arrangement, you readily see that, as the air in the box ia still, 
heavy gas will quickly collect on the floor, being prevented 
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CHAPTER TUL 

^ THE AIB. 

'^I HAVE already told you much about the air, bat we will noi 
consider its composition more particularly. 

You have learned much about the three gaaea of which the * 
ia composed. The largest part of the air is nitrogen, there belt 
about four times as much of it as there is of the oxygen. Of cs 
bonic ad^ there ia a very small proportion, as you realized * 
looking at the figure on page 31. Yet there ia really a gr< 
quantity of this gas in the whole of the air, for you must reme 
ber that the atmosphere is 45 or 60 miles high. It is calcula* 
that over every acre of land there are seven tons of carbonio fW( 
gas. I 

There are continual additions made to the carbonic acid in t 
air in various ways. Every fire or light that burns adds to 
for, as you learned in Chapters V, and VI., the burning carbon 
wood and other substances unites with the oxygen of the air, a 
forms carbonic acid gas, which flies off. 

You see that the firo or light lessens the oxygen of the air 
the same time that it adds to the carbonic acid. If you put a cs 
die under a glass jar placed on a smooth plate with its open ei 
downward, it will bum brightly at first, because there is ei 
oxygen in the air inclosed in the jar; but soon it will bum di 
ly, and, after a while, go out. The reason is that the carbon 
the candle uses up the oxygen by uniting with it to form carbo 
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I 10 acid. If, JDSt as the candle is about to go out, ;oii lift up the 
I jar, the flame of the candle will brighten up again, because you 
J let out some of the carbonic acid, and the fresh air that comes in 
I supplies the candle with oxygen. 

You Bee, then, that all fires and Ughla lessen the oxygen in the 
' sir, and add to its carbonic acid. 

len, too, every animal ia breathing out carbonic acid from ita 
inaga. This you can prove in your own case by a simple experi- 
ment. Put into a tumbler or bowl some lime water. "With a 
tube breathe into this, and you will find, after a lilUo time, that 
tile lime water has become quite tnilky. The reason ia that the 
'Carbonic acid which came out from your lunga has united with 
the lime of the Ume water, and formed carbonate of lime, or 
*^lialt. After standing a little while the water will become clear, 
'Jie chalk having settled at the bottom in a fine powder. This 
■*ill remind you, I presume, of another instance mentioned before, 
^^ which lime and carbonic acid were introduced to each other so 
^V&t they might unite. I refer to one of the expedients for get- 
Bbigawellrid of the carbonic acid in it. Try to recollect it ; but, 
^f you can not, turn to it on page 44. 

^^ The quantity of carbonic acid which we breathe out in twenty- 
*onr hours ia eonsiderabla It is calculated that a full-grown 
^an breathes out in twenty-four hours over two pounds of car- 
Winic acid, and in this there is over half a pound of solid carbon 
W charcoal. He throws off, therefore, from his lungs, in the 
s of a year, nearly 200 pounds of charcoal — considerably 
e than his weight, even if he be quite a large-sized naan. 
As all animals, of every size, from the elephant down to 
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animals that are not small you can see breathe — you can see 
chest move ; but in the very largest leaves that you can find 
the leaves of com or the pumpkin vine, you never see any moi 
in the breathing. They are very still in their breathing. '. 
the greatest difference is in another thing. "While lungs, in t! 
breathing, give out carbonic acid, the leaves take it in ; and w 
lungs take in oxygen, the leaves give it out. Every leaf that 
see gleaming in the sun is busy pouring out into the air oxy 
from all its little pores, and taking in, at the same time, oarb< 
acid gas. 

I have told you what becomes of the oxygen that is- absoi 
by the blood in the lungs ; but what becomes of the earb 
acid vrhich the leaves absorb? This furnishes carbon for 
growth of the plant. You learned in Chapter V, that carbo 
one of the chief ingredients of wood. Now a very large pan 
this carbon is taken in by the pores, or little open mouths on 
leaves. These are spread out like nets to catch the carbon fl 
ing in the air in the carbonic acid gas, and this is carried tc 
parts of the plant to help it grow. Whenever you are look 
then, at a large tree, just think how agreatpart of that solid tr 
was once moving about in the air, and was caught up by mill 
upon milliona of little mouths in thousands upon thousandE 
outspread leaves. Think, too, that perhaps some of that 1: 
wood was once in your soft breath coming out from your lu: 
Even the Uttle insect that hums among its leaves may have 
nished some, a little, of the carbon which is in the tree. 

The carbon which you breathe out from your lungs is scattt 
about, and goes to leaves far and near. But suppose it wen 
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liie leaves of one tree alone, how much carbon do you think your 
langs would give to the tree in a year? More than the weight 
of your whole body, and that would be enough to make quite a 

lirge branch. 

You see, then, that there is a regular exchange going on 

iween leaves and lungs every where; lunga give carbon to lea' 

[ud take back oxygen in exchange. But how is this in winter, 

■kbeu there are no leaves except upon the evergreens? Do these 

Bwves take up all the carbon that is breathed out then? No, 

were are not enough of them to do this. Does the carbonic acid 

lliea increase in the air, and the oxygen lessen ? Not at all. It 

ia now just as it is in summer, when the leaves are all alive and 

breathing. I will tell you how this is. You remember how I 

told you that the gases were very ready to mix up with each oth- 

w, specially when tbey are shaken together. Now every motion 

of the air, every gust of wind, shakes up the gases that compose 

ihe air, and scatters the carbonic acid gas that arises any where 

111 every direction. This gas therefore, we may say, flies on the 

winga of the wind, and, breathed out in one place, it may thus 

find its way to many places, not merely miles, but thousands of 

•nilea distant. That which is breathed out at the north in winter 

'oay go to the south to be drank up by leaves there, while these 

suaoy climes send up oxygen for the lungs of the north. 

The oxygen and the carbonic acid in the air, you see, are contin- 

wmHj changing. The oxygen is constantly used up by being ab- 

* 3 by lungs, and by uniting with substances that are bummg. 

e same time, fresh oxygen is poured forth from the leaves of 

plants into the air; so also the carbonic acid is continf" - 
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changing, being absorbed by the leaves, while new carbonic acii 
supplied from the lungs of all animals, from fires and lights, et 

Now in the midst of this change the air in all parts of the ea 
has always exactly the same proportions of the three gases. ] 
gallon of air from Europe, and another from Asia, and anot 
from Africa were brought here and examined by a chemist, 
would find that each of them had the same amount* of nitrof 
and oxygen, and carbonic acid that a gallon of American air ] 
How wonderful this is ! In this exchange which is going on 
tween the leaves on the one hand, and lungs, fires, and lights 
the other, how is this balance so nicely kept ? We do not kn( 
but the Creator underatands it, and he has all power, and so 
cures this regularity even in so changing a thing as air. 

But what I have just said about the air is true only of 1 
which is out of doors, free to go "where it listeth." "When i 
shut up the proportions of ita ingredients may be very m 
changed. Suppose there are a great many persons crowded i 
a small close room; their lungs arc using up the oxygen i 
pouring out carbonic acid gas. A little fresh air gets in at era 
and loose places about the windows and doors, but this is 
enough to prevent the air in the room from losing a great c 
of its oxygen, and becoming loaded with carbonic acid. For 1 
reason, the lights, after a while, burn dimly, and the people 
come dull and drowsy. A gallon of air taken from this roon 
such a time would be very different from a gallon taken from 
air outside. It would have just as much nitrogen in it, but mi 
less of the life-giving oxygen, and much more of the poison 
carbonic acid. 



Tkbk now what happens when the doora of each a room are 
<^ned and the people go out. The carbonic acid flies off at once 
In the air, diffused far and wide, to be drank up hy the laotulu io 
& leaves, and the fiesh air rashes in to supply its place. 

Great harm is done to the heaJtb of people by breathing air 
3uA is so loaded with carbonic acid. It may not be fell much at 
'Qietime; but if such air be breathed often, a little barm done each 
time wiU, after a while, amount to a great deal. A few persona 
Sere quickly killed on board of the Ixtndondcrry, but a multi- 
tade of people are killed every yearby breathing bad air in rooms, 
«id yet they do not know it, because it is done so slowly. , 
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'WhAi are die gHtes in the air? What ii laid of ihe qnaniiiy of car- 

scid in Ihe air ? What effect hsTe fina and lif:hts upon the carbonic acid of 

ir? Whnl upon its oxjgeD? Hod doc« a candle bnmiag under a glaa jar 

rUe ibiE? How does the breathing of animali affect the carbonie acid of the 

^^ Gire ihe experiment with lime water. How ia this tike one of ihe cxpedieiila 

lOring carbonic acid from a well ? What i« uid of the ijuaiitil; of carbon 

.. off from the langs? What of the supply of carbonic acid lo ihe air from 

^'uiggof all animals? What is said of the tailing in of oxygen by the lung*? 

*''<' ■> death caoBcd li; drowning ? How dnes the air which we breathe out differ 

'^ Ui« breathed in? Gife the experiment with ibc moiuc. Kioto Ibc oompari- 

>l>oiit Ibc candle. Tell the etoi; of the emigrant ship. How docs the air con- 

luiUy keep tbe same quantity of carbonic acid and osygcn ? What i* laid of the 

'Uhing of the leaTca? What is done with ihe carbonic acid which tbe learea ab- 

'? Howmncfa carbon do yon gire to thcleaTcs? What ia mid of the encbange 

Oeen lanp RDd learea? How is it with this exchange in winter? What is said 

't coDBlant change in the carbonic add and the oxygen of the air? What is 

1 of the preserTadonornniromiily in the midat of this chani^? What is said of 

•irof a close room containing many persons? What is done with this air when 

doon are opened and the jieople go out? What is said of the Injory Ic 
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CHAPTER IX. 

HYDROGEN. 

Wateb 13 composed of two gases. One of these is oxygen, 
wliich you have learned so much in preTious chaptere ; the otl 
is hydrogen. This is the lightest of all gases, and therefore 1 
lightest of all substances. Air ia fifteen times as heavy as hyd 
gen. A balloon, therefore, filled with this gas goes up very bw 
ly in the air. 

As hydrogen is the lightest of all substances, a metal caUed j! 

Pig. ai. tinum is the heaviest. li 

.q^royew. 21 exhibits the comparat 

^^^^^^^^^ FUUmum. weights of four substanc 

j^^^^^^^^^^^^ platinum, vratcr, and ] 

^^^^^^^^^^^ 'vmer fi^ogen. The little shot 

^^M ^^^^^B o platiniun equals in weij 

^^K ^^^^^^ the balls or spheres of '^ 

^^^^^^^^^^^^^V ^^^- ter, air, and hydrogen rei 

^^^^^^^^^^^^V^Pi^^k ficnt^d the figure. 

^^^^^^^^^^^r W ^^p In every nini) pounds 

^^^^^^^^ ^fl^^r '^^^^ there are eight of ' 

^^^^ ygcn gas and only one 

hydrogen. But as oxygen is sixteen times as heavy as hyd 

gen, the bulk of the hydrogen that goes to form any portion 

water ia twice as great as that of the oxygen in it. This may 
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npreseated by Fig. 22. 


Tbe smaller space represenla tbe oxy- 
gen. It is divided into eight spaces to 
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represent tbe eight pounds. Now as 
hydrogen is only one sixteentb the 
weight of the same bulk of oxygen, it 
will take sixteen such spaces to repre- 
sent the one pound of hydrogen, and 
this will make a figure containing twice 
the space of that representing the eight 

with a brisk but faint flame, giving but 
e it seems that oxygen, that makes other 
en, a gas that itself bums, united togeth- 
ts out fire ! 

jer still to you is that, when hydrogen gas 
ter is formed. In the burning, tbe oxy- 
lite together. Kot ajot of either ofthem 
e carbon and oxygen arc lost when car- 
1 ; they merely go into a new condition, 
In doing this, the bulk of both ofthem 
It takes a great deal of these gases to 
unt of water. You will reaUze this by 
Qbering that oxygen ia nearly of the same 
. take, of hydrogen and oxygen mingled 
y a little less than that representing by- 
make a drop of water of the size repre- 

a in air, we have the same result as '!<^^H 






































pOQnds of oxygen. 

Hjdrogen will bum 
little light. How Strang 
tilings burn, and bydrog 
Mi form a liquiil that pu 
What will seem atran 
^ burned in oxygen, wa 
gen and tbe hydrogen ui 
i8ioat,just aanone oftt 
bon ia burned in oxyge 
llniting to form a liquid 
* oiade much smaller, 
fcrta a very Bmall amo 
i>ok;ngatFig.21,remeE 
Weight witb air. It wi 
higether, an amount on 
jrogen in tbe figure to 
Wited. 
If bydrogen be burne 




it ia burned in oxygen. The hydrogen unitea with the oxyga 
of the air and forma water. It will have nothing to do with th 
nitrogen that is in the air, but lets it alone, and takes the ozyge 
and combines with it. You can see that water is formed by th 
H„.M. burning of hydrogen in air by various ei 

periments. One is represented in Fig. 21 
This figure you have seen before, :n the fin 
chapter, and the experiment was then pari 
ly explained. You are now prepared to m 
derstand a fuller explanation of it Thei 
are carbon and hydrogen united together h 
) the tallow. Yes, this lightest of all the gai 
es helps, in this case, to form a solid bh\ 
stance. As the melted tallow goes up the wick, the air bring 
oxygen to it all around, and the heat makes this oxygen unit 
with both the carbon and hydrogen of the tallow. By unitin 
with the carbon it forms carbonic acid. This is, you know, a cd 
orless transparent gaa, and so you do not see it. But there it i 
in the jar. Uniting with the hydrogen, the oxygen forms vr&iei 
This goes up in vapor with the carbonic acid, and so also you d) 
not see that. But this vapor soon collecia on the inside of thi 
glass, because it is cool. The glass therefore becomes dim, an< 
after a little time there ia enough water there to form drops ami 
trickle down into the plate. ' 

In Fig. 24 you have another experiment. Hero hydrogen alom 
13 burned without carbon. The bottle that you sec contains th( 
materials for making the gas, of which I will tell you soon, Tht 
flame of the hydrogen passes into the horn-shaped glass. The va 





aaka of Ute fa jdiogen 
with the ozygen of the 
air puKs inio that long 
gUa TGsel, and there is 
oandenaed, as 71m see, in 
drops. 

YoQ see how ready 
oxygen is to unite wJUi 
hydrogen. But you re- 
member that, in a previous chapter, I have told you that the 
:ygen and nitrogen in the air -would not unite, however much 
|bey were heated and shaken together; nothing bat lightning 
I make them unite. You see one leason for this difference. 
If the oxygen and nitrogen in the air could be easily made to 
anite, very bad effects -w-ould be experieneed, as I told you in 
I C hapter HI. But when oxygen unites with hydrogen the result 
^tb water, which will do no harm. Water wo want in abundance. 
^Hv^e want it in the air as well as every where else, for dry air would 
^1*1° very uncomfortable and injurious to us. It is the water in 
' the air, in the form of unseen vapor, that makes the air eo aoft 
and pleasant to us. But nitric acid, and the other compounds of 
oxygen and nitrogen, we do not want in the air, and if much of 
"lihem were there they would destroy every living thing, 

I will now tetl you how hydrogen is obtained. We put into A 

tort, or a bottle, some bits of zinc, some water, and a little sul- 

dinric acud, which is commonly called oil of vitriol. Now the 

l^d makes the oxygen of the water unite with the zino, and thi 
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hydrogen of the water is therefore set free. This risea and passes 
out of the vessel, carrying the air that ia in tho vessel along witli 
Fig 2B. ^* ; °-^^ soon, -when all the air ia driven out, the 

gas comes out alone. In Fig, 25 ia repreae 
what is called the "philosopher's candle." Thej 
zinc, water, and sulphuric acid are in the bottl^j 
which is fitted with a cort having a tube in iii 
The gas issuing from the tube bums just as illu- 
minating gas does issuing from a gas-bumeri 
There ia some caution required in making this ga^ 
in this way, for a mixture of it with common air is 
explosive. If, therefore, you should hold a lighS 
to the tube before the air is driven out, you might 
have an explosion, and your bottle might bi 
broken and its contents scattered about. 

One way in which hydrogen ia obtained shows how well oxy 
gen likes iron. The apparatus is represented in Fig. 26. Yoi 
see a furnace, C, wit! 
an iron pipe, E B, rari 
ning through it, lOa 
a gun-barrel. In thi 
pipe are put fine scrap 
Ing^ of iron or bits o^ 
needles. ' At one en^ 
of this pipe is anothei 
pipe from a flask o| 
water, A, and the water is heated by a apirit-lamp under thf 
flask. Ab the water boils, steam passes through the iron pipe i» 



Fig. 28. 




the fimuice. Now steam ia water, bat very finely divided up, as 
*e may say. As it paasea throogh the red-hot pipe among the 
toningB of iron, the oxygen of llie water ia made by the bait to 
mute with the iron, and fonn rust. It parts company, therefore, 
■ffith the hydiv^en of the water, and so the hydrogen goea out 
llone throagh the other end of the pipe. Yon see it passbg into 
tbe glass jar, D, in the pneomatic ciBtera. 

You remember what I said aboat pouring carbonic acid gas 
downward. You can not do this with hydrogen. It ia so light 
lat, the moment it escapes from a vessel, it passes directly and 
Fig. K. quickly upward. You can let a jar of car- 

bonic acid gas stand, and the gas will not 
go out; but if you set down a jar of hy- 
drogen gas with its mouth upward, the gas 
i ^jB^\ ^f' 'it "^0^ P'^^ out, the air coming in to 
■j ^^^ ^M take its place. If you want to pour hydro- 
■jP^^J^fc gen gas from one jar into another, you must 
^^ hold them in the manner represented in Fig, 
r, the upper jar being the one which is to receive the gas. 
I will make some comparisons between liquids and gases in these 
If you should set a jar filled with the liquid metal 
nercuiy all over in water, the mercury would remain in the jar, 
or the same reason that carbonic acid does not rise out of the jar 
rhea left to stand in the air, Aa the carbonic acid is heavier 
kan air, so is the mercury heavier than water. On the other 
and, if you introduce a jar of oil into water, the oil will go up 
iDt of the jar, the water taking its place, as hydrogen gas goes up 
iDt of a jar set down in air, the air going in to take its place. 
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hot gas and vapor that come up from the light are confined in 
the chimney instead of spreading out in the air around; they 
pass up, therefore, very rapidly through the chimney, and so make 
a strong draught,* as we say. This makes the air come-rapidly 
to the light from below, and of course a great deal of oxygen 
comes to it in a little time. 

You see how great the draught is if you hold your hand over 
the top of the chimney ; you will feel a current of hot gas and 
vapor striking against it. You must be careful not to put your 
hand too near. This current does nofltoll of it go straight up, but 
it spreads out as soon as it escapes from the chimney, so that, at 
a little distance, your hand feels only a small part of the current, 
and that is somewhat cooled. 

Another contrivance is to have the wick flat instead of round. 
You see that such a wick presents a larger surface to the air than 
a round one, and therefore more of it can be reached by the oxy- 
gen. 

Some wicks are made circular, the air being admitted on the 
inside as well as the outside of the circle. A very bright light is 
made in this way. 

Observe now how we start a fire. Commonly we do it by put- 
ting something burning to the combustible substance. Thus we 
set fire to wood by burning paper or shavings. So, as we open a 
gas-burner, we put to it a burning match, and thus set fire to the 
stream of gas as it comes out. But think a moment what sets 
fire to the match. It is rubbing it, you will say. But how? 

* The manner in which this draught is produced is explained folly in the chapten 
on Heated Air and GhimneTi, in the Third Part of the Child's Book of Nature. 
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Hour ttdogi an nt on fin. Whj K«ie things barn more eMily than otben. 

The friction creates heat enough to cause the oxygen to unite 
with the phosphorus, and the union is quick enough to make 
light as well as heat. So you see that it is heat that causes what 
we call fire. 

You can see this very often in kindling a wood fire. Suppose 
you have a bed of coals underneath the wood which is placed on 
the andirons, how is the wood set on fire ? The coals heat the 
wood, and, after a little time, they make the wood hot enough to 
set it on fire. Here no fiame goes from the coals to the wood, 
but only heat. 

Now why is it that some substances take fire so much more 
easily than others? Why, for example, does a match with phos- 
pliorus on its end take fire by friction, while one dipped in sul- 
pW will not, but must have fire touched to it? It is because 
the p^hosphorus has a greater liking or affinity for oxygen than 
sulphur, and therefore it requires less heat to make them unite. 
So charcoal has an affinity for oxygen, but not so much that you 
can make them unite by rubbing the charcoal. Phosphorus has 
* greater affinity for oxygen than any of the substances that I 
have yet told you about ; it therefore takes fire so easily that you 
We to be very careful in handling it. But in another chapter I 
shall tell you about a substance, a metal, that likes oxygen so well 
thatjif you put it into water, it will steal the oxygen from the hy- 
^^ogen and unite with it, and the union is so quick that it sets 
the hydrogen all ablaze. 

There are some substances that can not be burned at all. Oold 
^ one of them. Iron, you have seen, can be burned ; that is, it 
can be made to unite with oxygen ; but you may expose gold to 
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the hottest fire that you can make, and it will only melt It vei 
not bum. It will not unite with the oxygen that is all around U 
It has no liking or affinity for oxygen, as iron has. And what ii 
true of these two metals in regard to quick combustion, is also 
true of them in regard to the slow combustion that I spoke of in 
the first part of this chapter. Gold never rustff in the air ; that isj 
it does not bum up with a slow fire, as iron does. 

Questions. — ^What occurs nsnally in what we call combustion? Illnstrate the dif- 
ference between quick and slow combostion. Why are iron fences painted? HoiR 
does water put out fire ? Why does not the oxygen that is in the water make th< 
fire bum? What is said of putting out fires by other means besides water? Giy( 
the conversation related about putting out fire. Explain the effect of blowing a fin 
with bellows. What would be the efiect if you should blow nitrogen or carbonii 
acid upon a fire ? Explain the operation of a glass chimney on a lamp. If yot 
hold your hand over the top of the chimney, what strikes against it ? What is thf 
advantage of a fiat wick ? What of a circular one ? When we set fire to any thing 
what is it that starts the fire ? Give the illustration of the match ; also of the wooc 
set fire by coals. Tell what affinity has to do with producing fire. What is sai^ 
about the affinity of phosphorus for oxygen ? What about the affinity of a oertaio 
metal for it ? 
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Chem istr y of a candle. 



CHAPTER XL 

GAS-MAKING AND GAS-BURNING. 

Every candle or lamp is a gas factory. I will show you how 
this is in the common candle. 

i have told you that there are both carbon and hydrogen in 
the tallow. They are united together there as a solid ^compound ; 
but^ as the candle bums, this solid becomes by the heat a Vu]uk\ 
at the foot of the exposed part of the wick. See what a cup of 
Dielted tallow we have there. It is curious to observe how this 
cup is formed, and kept just so, all the time that the candle is 
burning away. The heat of the burning wick melts the tallow, 
but that which is nearest the wick is of course melted first. This 
keeps a raised edge all around. If the wick gets bent over to 
one jside, it is apt to melt this edge on that side, and so some of 
the melted tallow runs out of the cup and down the side of the 
candle. "^r- 

But the mi'elted tallow at the foot of the wick must go up the 
^ck to be burned. How is this? It goes up because there is 
^^ attraction between the wick and the liquid, and therefore the 
particles of the liquid go up every where among the fibres of the 
^ck. This kind of attraction is commonly called capillary nt- 
^ction, because it was first particularly observed on putting the 
^nds of very small tubes in water, or almost any liquid. The 
smaller the tube was, the higher the liquid was observed to go 
Up in it. The small tubes were called capillary tubes becuuHc 
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:e it away from the hydrogen in water, althougli the hydro- 
oxygen are very etrongly united together in that Uquid. 

Iron-rust ia an oXTjd of iron. It is so caUed*becauae it is oxy- 
gen and iron united together. So the iron, when rusted, is eaid 
to be oxydized. In like manner, potash is an oxyd of potassium. 

What ia very commonly called potash ia really potash united 
with carbonic acid, and of this I will tel! you in another chapter. 
What the chemist calls potash, that is, the oxyd of potassium, is 
a powerful substance. It will, like the strong acids, the uitiio 
and sulphuric, eat flesh, and so is called a caustic. 

As potash IB an oxyd of potassium, so soda ia an oxyd of a 
metal called sodium. This metal will swim on water hke potas- 
sium. When thrown upon water it decomposes it, taking the 
oxygen from the hydrogen, as the potassium does. A hissing 
sound is produced, but the escaping hydrogen does not bum un- 
less the water bo hot. When it does burn the flame has a beau- 
tiful yellow color, which is given to it by the fumes of the metal. 

There are great quantities of this metal in the world, for it is 
one of the ingredients of common salt. But, like potassium, it is 
never found alone by itself. It is always united with oxygen or 
some other substance. 

Potash and soda are called alkaliea. They have an acrid taste, 
the very opposite of that of acids. There is one substance, 
raonia, which is called volatile alkah, beoauae it ia so ready to fly 
off into the air, volatile coming from the Latin word voh, to fly. 
Potash and soda are sometimes termed Jbxd alkalies, in distinc- 
tion from the ammonia, because they have no disposition to fly off, 
but stay or are fixed to the spot where they are. 
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Ammonifi is a colorless gaa, and is very pungent. Its compo- 
sitioQ is very singular. It is composed of nitrogen and hydrogen. 
It forma, witii carbonic acid gas, the smelling salts with which 
you are so familiar. 

Lime was supposed to be a simple substance or element before 
the discoveries of Sir Humphrey Davy. But this, like soda and 
potash, he found to be an oxyd of a metal. This metal, called 
calcium, it is very difficult to obtain, because it has so great an 
affinity for oxygen. It is hard to get calcium out of the company 
of its friend oxygen long enough to let us see it When it is 
seen it looks like silver. United with oxygen, calcium forma 
lime, or what is commonly called quick-lime. If water be added 
to lime it is called slaked lime. Observe that word slaked. Peo- 
ple sometimes speak of slaking the thirst ; so, in the case of lime, 
there is a thirst, as we may say, for water, and the lime will take 
into itself a great deal of it. But there is a certain amount that 
it will take and no more. When it has got that amount its af- 
finity is satisfied, or its thirst is slaked. So it is called slaked 
lime. 

Lime will become slaked after a while if it be merely exposed 
to the air, for it has such an affinity for water that it will drink in 
the moisture from the air. 

In making mortar the lime is slaked ; and so great is the af- 
finity of lime and water for each other, so eager are they to unite 
together, that great commotion and heat are produced, as you 
luve probably often witnessed where building is going on, 
I Slaked lime is dry, and yet in every four pounds of it there is 

i pound of wat«r. This is about the same proportion that 
G 
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to give the required hardness. Very commonly this ia copper. 
Sometimes tin is used in place of lead. This makes a better, 
though more expensive type-metal. Sometimes type-metal is 
made of zinc, copper, lead, and tin together. In the best type- 
metal there ia some bismuth, which gives a good clear letter 
in printing. If you examine printed letters with a magnifying- 
glass, you will see great differences in the specimens, according 
to the kind of types used, and the length of time that they have 
been in use. You will be surprised to find how imperfect the 
letters are in their filling ap in the very best of printing. 

Bronze ia an alloy of copper with tin, the tin being to the cop- 
per as about one to nine. This, you know, is much used in ma- 
king atatuea and smaller ornamental figures. Bell-metal is a kind 



of bronze, having more 

Pewter is an alloy of ti 
ed Britannia-ware is a ki 



n in it than ordinary bronze. 
in with lead or antimony. What is call- 
nd of pewter. Wben glass and earthen- 
ware were not as cheap as they are now, people very generally 
used to eat upon pewter platters and drink out of pewter mugs. 

Brass, I have told you, ia an alloy of copper and zinc. There 
are various other alloys of these metals. You have heard of 
pinchbeck watches. These are made in imitation of gold watches. 
The pinchbeck differs from brass only in having more zinc in it. 
It looks like gold; why, then, is it not just aa good? Because it 
will not keep on looking so. Gold, you know, does not tarnish. 
The oxygen of the air can not get any hold upon it at all ; but it 
can get hold of both the zinc and the copper that compose the 
pinchbeck. 

There ia another alloy of copper and zinc, called tombac, which 



■ pinchbc' 

■ There 
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1 be hammered into very thia leaves, making a spurious or 
BUse gold leaf. When thia ia finely powdered it is the Bo-called 
gold bronze. 

You have heard of late years a great deal about Gennan ail- 
rer. There is no silver in this at all. It is an alloy of copper, 
zinc, and another metal called nickel. It is this latter metal diat, 
by its whiieness, gives the alloy its likeness to silver. There is 
ft mixture of silver, nickel, and copper, which ia a very good sub- 
titutefor silver, and is much used for ornamental purposes. The 
roportions of these metals in it are, silver 30, nickel 25, and cop- 
ier 55. 

There is an alloy which is sometimes made a source of amuse- 
oent. Teaspoons are manufactured from it, which will imme- 
diately melt if they are introduced into hot tea. This alloy is 
lompoaed of bismuth, lead, and tin ; the proportions, bismuth 8, 
»d 5, and tin 3. 
The gold and silver in common use are not pure, but are alloys. 
"Tiis ia true both of money and of the articles for use and oma- 
ttent made of these metals. 

In the silver coin of the United States we have a tenth part 
lOpper. The object of the copper is to make the coin hard, so 
"lat it will not readily wear out. Silver used for other purposes 
reigbt to have just this proportion of copper. If it have more, 
" e beautiful white lustre of the silver will be lessened. 

Gold is softer than silver. In order to harden it sui&cicnlly, 

me tenth of the gold coin of thia country is an alloy of copper and 

ilver. The word carat is used in espresaing the amount of 

pure gold in any alloy of it. This word means one twenty-fourth. 

H 



CHAPTER XVin. 

Aoms. 

■ ' I HAVE told yoa about the union of oxygen with metala fonn- 
■ing oxyds. Now most of the acids in the world are formed by 
the nnion of oxygen with certain substances which are not metals, 
such as sulphur, phosphorus, etc. I will, therefore, now notice 
some of these substances, and the acids which oxygen forma with 
them. 

I have already told you much about two of the substances with 
which oxygen forms acids. One is carbon, with which oxygen 
forms the gas called carbonic acid ; the other is nitrogen, a gas 
with which oxygen forms that powerful hijnid acid, nitric acid, 
commonly called aqua fortia. 

Sulphur is another substance with which oxygen unites to form 
an acid, called by the chemist sulphuric acid, the common name 
of it being oil of vitriol. We see sulphur ordinarily in two forma, 
roll brimstone and the flowers of sulphur. The flowers of sol- 
phur are obtained by heating the sulphur so as to make it rise ' 
vapor, the vapor being condensed so as to form fine powder. 
The roll brimstone is obtained by melting the sulphur and letting 
it run into moulds. 

Sulphur is very abundant in nature. It is found as aulphur, 
and sometimes in beautiful yellow crystals, in the neighborhood 
of volcanoes ; but it is most abundant in combination with other 
aubfltanoes. You have seen, in the chapters on the metals, that 
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Fltster of Fute. Salpharic arid. Solphuroiu acid gas. 

it is united with many of them, forming sulphurets. Then the 
mineral called gypsum, or plaster of Paris, of which there is a 
great deal in the world, has sulphur in it. And, besides, there is 
some sulphur in all vegetables and animals. It is the sulphur in 
egg that blackens a silver spoon, forming a sulphuret of silver 
over its surfece. 

Sulphur and oxygen are mild substances, but, united together 
in certain proportions, they produce an acid of the most corrosive 
character. Neither sulphur nor oxygen, applied to your skin, 
hurts it ; but the acid composed of them, if applied to it, would 
stain, and sting, and eat it. 

If you bum phosphorus in oxygen or in air, which contains 
oxygen, the phosphorus unites with the oxygen and forms phos- 
phoric acid. This you saw in Chapter III. So, also, if charcoal 
burns in oxygen or air, it unites with the oxygen and forms car- 
bonic acid. But if you bum sulphur in oxygen or in air, it does 
not form sulphuric acid. The sulphur does not get its full sup- 
ply of oxygen as the phosphorus and carbon do. It must have 
a full supply to form sulphuric acid, but it is only partly supplied. 
With this partial supply it forms a gas, which we call sulphurous 
acid gas. This is the gas that you smell when you burn a sul- 
phur match. 

In the phosphoric acid the phosphorus has got all the oxygen 
that it can be made to unite with. So, also, in the carbonic acid, 
the carbon has all the oxygen that it can have. But in the sul- 
phurous acid gas the sulphur has united with only two thirds of 
the oxygen that it can be made to unite with, and that it must 
tmite with to form sulphuric acid. 
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air is phosphorows acid. When pbospliorus is actually burned 
phospbonc acid ia formed, as you have before learned. Observe 
the ditference between sulphur and phosphorus in this respect 
Pbosphorua, on mere exposure to the air, makes phosphorous 
acid, but sulphur must be actually burned to make sulphurous 
acid, as noticed on page 117. There is more oxygen in phm- 
phoric acid than in phosphorous acid, just as there is more in 
sulphuric than in sulphurous. 

I will mention some of the experiments that can be tried with 
phosphorus. 

To prepare for some of these, put a piece of phospliorus, of the 
size of a large pea, into a phial containing half an ounce (a table- 
Bpoonful) of ether. Cork the phial, and let it stand for some 
days, giving it a shake occasionally. Pour off the liquid into 
another phial. It is a solution of phosphorus, and is ready 
fornse. 

Drop some of this solution upon the hands, and rub them 
briskly together. The ether will fly off. in vapor, leaving the 
phosphorus on the hands. If you do this in the evening, and 
make the room dark, your hands will be covered with light. 
The reason is, that the phosphorus unites with the oxygen of the 
jur, producing combustion. If you mb your hands, the light will 
increase, because the fire is made to bum more briskly. But 
what is the reason that the hands are not burned in doing this? 
It ia because there is so little of the phosphorus that there is very 
little heat produced. 

Moisten a lump of sugar with the solution of phosphorus, and 
drop it into hot water. The heat of the water sends both the 



elder and the pbo^horus up to the surfiice, and, when ihey get 
there, the oxygen of the air sets fire to the phosphorus, and this 

sets fire to the ether, and off they go in a flame together. 

Pom some of the eolution upon some fine blotting-paper. The 

ether evapDtates, and, after it ia all gone, the phosphorus takes 

\ fire, burning up the paper. If the blotting-paper be laid upon 

aomethiog hot, the phosphorus and ether will burn together, just 

8 when they rose from the hot water. 
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Phosphorus can be made to bum under water. 

' If a streain of oxygen be directed by the tube a, 

Fig. 40, upon a bit of phosphorus under hot water, 

in the glass 6, it will bum brilliantly, the oxygen 

imiting with the phosphorus in the burning. 

Phosphorus is so eager to unite with the oxygen 
in the air that a little friction produces heat enough 
to make it unite with it, and so quickly as to bum. 
For this reason, phosphorus is one of the ingredients of the sub- 
|[-0tance on the ends of matches. 

Phosphorus is a very poisonous substance, and ia often used 

W. for destroying rats and mice. The rat electuary, as it ia called, 

3 dongh with some phosphorus in it. Oue dram of phosphorus 

3 mixed up with eight ounces of hot water and eight of flour. 

Acetic acid ia that which we have ia vinegar. It is spirits of 

|- wine or alcohol oxydized. Oxygen is added to the alcohol as it 

I is added to sulphur to make sulphuric acid, or to phosphorus to 

ihoric acid. Vinegar is very commonly made from 

r by letting the ^r come to it. In this case the oxygen of 

Ibe air unites with the alcohol in the cider, and forme acetic ncid. 



The amount of this acid in vinegar is veiy small. There are only 
from two to five gallons in a hundred of the vinegar. The rest 
is naostly water. 

Tartaric acid is an acid that exists in many fmits, sometimes as 
acid, and sometimes united with potash, forming the snbatance 
which we call cream of tartar. This substance is in the juice of 
the grape, and gathers upon the inaide of wiue-caaka from the 
wine. 

There are various other acids in different fruits, as the citric iu 
lemons, oranges, currants, etc., the malic in apples and other fruits, ' 
the oxalic in sorrel. j 

There is a very remarkable acid, which I have not yet noticed, ! 
commonly called muriatic acid. It is composed of hydrogen and ' 
a very singular gas called chlorine. This gas, which has a pale 
greenish -yellow color, is one of the ingredients of common salt, , 
and I shall tell you particularly about it in another chapter. , 
There is one thing which ia very curious about these two gases, ( 
hydrogen and chlorine, when they are mixed together. If they ' 
be mixed in the dark, and be kept there, they have no disposi- | 
tion to unite ; but bring the mixture into the light, and the union 
takes place, forming the muriatic acid. If a beam of sunlight be ' 
thrown by reflection from a looking-glass upon the glass jar con- I 
taining the mixture, the union is bo rapid as to cause a violent 
explosion. To prevent any accident from the broken glass, a 
wire screen must be put over the jar before the light is made to 
shine upon it. I 

The chemists call this acid hydrochloric acid. You can readily i 
Bee the reason of the name; it comes from the two gasea which 
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compoae it The hydrogen gives it the nrst jwn of ib? i::r.iu\ 
tiydrOj and the chlorine the latter pan, c?tIor{'\ 

What is commonly called muriatic acid is a solution of the 
hydrcxdiloiic add, which is a gas, in water. Thoro is a little 
more in weight of the water than of the gns. 

A mixtore of this add with nitric acid is called aqua rtyuh that 
is, royal water, because it is the only liquid that will dissv^lve 
gold, the king of metals. It is very curious that neither of these 
strong adds alone can affect the gold, but let them make the at- 
tack together, and this king submits at once. The gold, in dis- 
solving, is changed into a compound. It is done in this way. 
The nitric add makes the gas chlorine, that is in the muriatic acid 
with hydrogen, part company from the hydrogen. The chlorine 
thus set free, having a great liking for gold, unites with it, ft^rm- 
ing a chloride of this metal. Wc do not get, then^fon^ a n^al 
solution of gold, but a solution of this chloride. Common salt is 
a chloride of a metal, and I shall tell you about this and other 
chlorides in another chapter. 

Another remarkable acid I will barely notice. It is commonly 
called prussic acid. It is a most deadly poison. A drop or two 
put upon the tongue of a dog will kill him instantly, 'riiis acid 
is composed of carbon, nitrogen, and hydrogen. It exists in v(Ty 
minute quantities in bitter almonds, peach blossoms, the kenielH 
of some of the stone fruits, etc., giving to them a peculiar odor 
and flavor, A flavor is often given to articles of food by tln^ uhc^ 
of bitter almonds, peach-pits, etc.; but the quantity of pruHsic^ 
acid thus used is so very minute that it does no harm. 

I told you, in the first part of this chapter, thai mosi of t-lu^ 
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acids have oxygen in them; bat prossic acid and hydrochloric 
acid have not. They have hydrogen instead, and so they are 
called hydrogen adds. There are not many of this class of acids 
compared with the oxygen acids. 

Qaestums. — ^How are most of the adds fomied? Whst two acids hare yoa already 
leanied considerable about? State some thingB in r^ard to them. What add 
does solf^nr form with oiqrgen? Describe tibe two forms in which we have snlphor. 
What is said of the abimdanoe of salphar? What of its combination widi other 
substances? Why does egg blacken the qwon with which yon eat it ? Whatissaid 
of the difiereooe between salpharic add and the ingredients that compose it? How 
do carbon and phosphorus differ finom solphnr in nniting with o^gen? How does 
snlpharoos add gas differ from pho6ph<»ic add and caibonic add ? Tell how sal- 
pharic add is made. What woold hiq^ien if solphnric add were formed whenever 
snlphor is bomed? What is said of the affinity of solfdraric add for water? What 
effect does this onion prodoce? Describe the experiment represented in Hg. 39. 
Give the other experiment. From ishaX is phoq>lioras commonty obtained? De- 
scribe phosphoms. What care shoold be exercised in experimenting with it? Tell 
aboot the solotion of phoqihoros in ^her. TeD what the effect is when some is pot 
opon the fauce and hands, and explain it. Give the esqieriment with sugar. Gire 
that with blotting-paper. Explain Fig. 40. What is acetic add? ExpUiw the 
chemistry of making rinegar. How moch acetic add is there in rinegar ? What is 
said of tartaric acid ? Mention some of the adds found in plants. Of what is mori- 
atic acid composed ? Describe the infloence of li^it opon the union of dil<Mine and 
hydrogen. Explain the name i^fdrockhric given to muriatic add. What is really 
the liquid commonly called moriatic add? What is said of ajma regiat What of 
prossic add ? What are hydrogen adds ? 
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CHAPTER XIX. 

\ SALTS. 

I HATE told yoa about oi^ds, wliich are fonned by the union 
of oxygen with the metals. I have also told you about the acids, 
which are, most of them, formed by the union of oxygen with 
certain substances, as sulphur, phosphorus, carbon, nitrogen, etc. 
Now these acids unite with these oxyds to form what are called 
salts. 

The term salt is applied by the chemist to any substance com- 
posed of an add and an oxyd. Thus nitric acid united with pot- 
ash forms the salt called by the chemist nitrate of potash, and by 
people generally saltpetre. So sulphuric add xmited with potash 
forms the salt called sulphate of potash. It may seem odd to you 
to speak of chalk js a salt, but it is so called by the chemist be- 
cause it is composed of an acid, carbonic acid, and an oxyd, lime, 
together forming the carbonate of lime. 

Observe that the acids do not unite with the metals, but with 
the oxyds of the metals. Thus nitric acid does not unite with 
potassium, but with the oxyd of this metal, potash. It is so with 
all metals and all acids. In forming a salt a compound unites 
with . a compound. The oxyd is a compound of oxygen and a 
metal, and the acid is a compound of oxygen and some substance, 
as sulphur. So it seems that there must be oxygen on both sides, 
or the acid will not unite. 

Observe the names of the salts. You can always tell by the 
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name which the chemist gives to a salt of what it is composed. 
Thus, take nitrate of potash. The teimination of the fiist word 
in the name is o/e, and signifies that the substance is a salt, and 
the first part of the word shows what acid is in the salt Then 
potash is the name of the oxyd, the other part of the salt So, 
also, the acid in sulphate of potash is solphniic acid, and that in 
carbonate of potash is carbonic add. 

But there are some salts the names of which have the termina- 
tion of the first word in iU instead of ate. These salts $re formed 
with acids whose names end in ousy while the salts which have 
ait in their names are formed with adds whose names end in ic 
Thus sulphite of soda has sulphurous acid in it, while sulphate of 
soda has in it sulphuric add. The salts whose names end in aie 
are much more common than those whose names end in He. The 
former hare more oxygen in them than the latter, for the adds 
that have iheir names end in ic have more oxygen than those 
whose names end in aii& 

Some of the meials have no spedal names lor liieir oxyds, as 
potassium^ sodiunu ele^ have, in such cases the name of the 
metal is used in giving the name of the sahsL Thus we say car- 
bonate of imn« Ii would bemoieconecitosaveaiboiiateof the 
ox vd of iion. This would be too loiig« and so we leave out a 
pan of the name. K this oxyd had any shot! name^ as the cixyd 
of potassium has, w^e^ shouM use ik 

An add and an oxyd ard Terr dKOef^ent from eadi other. 
This is €^>ecially true of ihe alkalies^ Tliey hav^ quafitieB just 
c^posite to those of the addsL The lasle of potaKdi^lbrimtaiice, 
is the very 0|>{K^ie of sour; and alt its olW qmliiiee^ «s you 
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win kam in my next book on Chemistry, are tlie opjK>sito of 
diOBe of an acid. Bat when an acid and an alkali unite togothor 
in certain pioportions, the acid destroys all the alkaline qualities 
of the alkfdi, and the alkali destroys all the acid properties of the 
add. 

The white powder which you know by the common name of 
cream of tartar is a salt composed of tartaric acid and jH>Uu5h. 
But this is sour, as you know, if you have ever taken it as a 
medicine. How is this? Why is it that in this case the acid 
properties are not destroyed by the alkali ? It is because there is 
not enough of the alkaU united with the acid to do it. The salt 
is not as sour as the tartaric acid itself, for a part of the acid qual- 
ity is destroyed by the potash. 

There is another salt, made of the same ingredients, in which 
there is enough potash to destroy all the acid properties of the 
acid. It is called tartrate of potash, while the cream of tartar is 
called the «zpertartrate of potash. Cream of tartar has this name 
because there is more tartaric acid in it than there is in the tar- 
trate of potash. It is for the same reason that a thing is called 
superfine when it is more than fine, or superexcellent when it is 
more than excellent. 

Cream of tartar is sometimes called, also, the bitartratc of pot- 
ash. This is because the Latin word bis means twice, for this sixlt 
has exactly twice as much tartaric acid in it as the tartrate of pot- 
ash has* So there is a carbonate of soda and a bicarbonate of 
soda. There is just twice as much carbonic acid in the bicar- 
bonate aa in the carbonate. 

A salt in which there is just enough of alkali to destroy the 
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Carbonate of lime does not readily dissolve in water. But wa- 
ter wilt dissolve some, especially if there be carbonic acid gas in 
the water. The water that comes from some springs has, for this 
1, considerable of this salt in it, and some of it stops upon 
atones and sticks above the spring, crasting them over. In sonae 
caves in limestone regions we have beautiful displays of the forma- 
tion of limestone from water in which this salt is dissolved. As 
the water drips from any spot in the roof of the cave, some of the 
carbonate of lime stays upon the roof Then, as more and more 
adheres, there forms a projection pointing downward, very much 
lite an icicle as water drips in 
cold weather from the eaves 
of a house. At the same time, 
there is formed underneath, on 
the floor of the cave, a little hil- 
lock of the limestone from the 
witer that drops there. That 
which forms above is called a 
stalactite, and that below a sta- 
lagmite. 

Sometimes, when there are 
many of these stalactites and 
stalagmites, and they have been 
forming for a long time bo as to 
reach a great size, they make a 
splendid appearance. In Fig, 
41 you have a picture of the 
Hall of Statuary, as it is called, in Weyer'a Cave in Virginia. 
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fiere the stalactitea and stalagmites present every variety of form 
»nd arrangement, and, lighted up with torches, the place lookB like 
a Hcene of enchantment, 

I have told you something about quick-lime on page 97. This 
Is, as you learned there, the oxyd of calcium. It is commonly 
obtained from carbonate of lime. The limestone or the chalk is 

nibjected to great heat in the flame of a furnace. This makes 

lie carbonic acid quit the lime and fly off into the air. Lime, 
that is, the oxyd of calcium, is left behind. 

Carbonate of potash is a very different substance from carbonate 

f lime. It likes water very much, and dissolves in it readily. 
It exists in plants, aud therefore ia obtained from aahea. Not 
*n*tiy years ago it was common for every family in the country 

5 have what was called a leach-tub. In this were put the ashea. 

! being kept wet, there was always a running out, from a 

hole below, of a liquid called ley. This contained the carbonate 

sf potash and caustic potash together in solution. There ia caus- 

c potasb as well as the carbonate, because there is lime in ashea, 
iFhe explanation ia this; Lime, having a greater aflinity for car- 

H>nic acid than potash has, takes away thia gas from some of the 
carbonate, thus changing it into potasb. The quantity of the 
caustic potash in the ley ia increased by putting some lime into 
Ihe bottom of the leach-tub. The effect of this ia to change much 
more of the carbonate of potash into caustic potash than would 
be changed by the little lime that is in the ashes. Leach-tubs are 
T very much out of use in families, as potash ia made from 

jhes mostly in large establishments. 
This mixture of carbonate of potash and caustic potash is call- 



iply potash bj people generally, but this is not strictly cor- 
rect, for this name belongs properly only to caustic potash, that 
is, the oxyd of potassium. •• 

I have told you that if carbonate of lime be heated strongly, 
the carbonic acid is driven off. Carbonate of potash is very dif- 
ferent in this respect. The hottest fire can not drive off the car- 
bonic acid from it. If heat could do it we should not have any 
carbonate of potash in ashes, but caustic potash, the carbonic acid 
having been carried off by the burning into the air. 

Here is a little experiment that you can try with carbonate of 
potash. Drop a teaspoonful of this salt into a tumbler half full 
_ ^_ of vinegar. There will be a brisk effervescence, 

a gas escaping from the liquid. Lower, now, a 
burning taper into the tumbler, as represented in 
Fig, 42. It will go out. Why ? Because the 
gaa which comes up and fills the tumbler is car- 
bonic acid. The acetic acid in the vinegar takes 
the potash away from the carbonic acid, because 
it has a greater affinity for it, A salt is formed 
in this experiment by the union of the acetic 
acid and the potash. You can tell what the 
name of it is by observing what I have told you about the names 
of salts on page 126, 

If you dissolve some potash in water, and then boil in the solu- 
tion some dirty greasy rags, the solution wiil become very dark 
and dirty, but the rags will be white and clean. There is chem- 
istry in this. The potash has an af&nity for the grease, and in 
the water wa have the two united together ; but in getting to- 
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gether, the cbit his been taken om of ihe cloil. wizh ihe gveskse^ 
by the potash. This pxplairw the nae of so&p in w&sbing. In 
making CQmmon soft soap the potash is uiuied with grease or £&: 
and water, but theze is not so mnch grease as xo pierent the pot- 
ash firom nniting with more grease. The potash alone would be 
a very harsh material to wash with, but by mixing it with grease 
and water.we make a Tery smooth article that we can use easily. 
In washing clothes the potash in it takes out all the oily matter 
which has come finom the perspiration, and with it the din : and 
if there be dirt alone without any oily matter, the soap leadily 
mingles with it, so that the water can take it out better than it 
can without the soap. 
Here is some poetry which some one has written about soap : 

"Some water and oil 

One day had a broO, 
As down in a glass they were dropping. 

And would not unite. 

Bat continaed to 6ght, 
Without any prospect of stopping. 

Some pcarlash o'erheard — 
As quick as a word, 
He jumped in the midst of the clashing ; 
When all three agreed, 
And united with speed, 
^ And soap was created for washing/* 

I must find a little fault with this poetry, pretty and amusing 
as it is. The water and oil do not have any ** broil" when wo try 
to mix them together. They simply will not have any thing to 
do with each other. As soon as you stop slicing thorn in n von- 
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iron better than it does copper, that which is close by the knife 
quits the copper to take the iron. It unites with the iron and 
forms sulphate of iron. This salt, as it forms, is dissolved in the 
water, and the copper clings to the iron, giving it the red coat. 

This experiment explains the manner in which the metal cop- 
per is sometimes obtained in some mines from a solution of this 
salt. At one time, in Wicklow, Ireland, five hundred tons of iron 
bars were placed in pits that were full of this solution of sulphate 
of copper. In about a year the bars were all gone. What had 
become of them ? The sulphuric acid in the sulphate of copper 
had quit the copper and united with the iron to form sulphate of 
iron. The copper lay at the bottom of the pita, in a sort of red- 
dish mud. This was taken out, and the copper freed from what 
was mixed with it, and, by melting, was put into proper shape 
for use. 

Alum is a sulphate, but it is not a sulphate ol one oxyd, aa the 
sulphates are that I have mentioned. It is a sulphate of two 
oxyds; it has two strings to ifca bow, as we may say. It is sul- 
phuric acid united with potash and alumina. Potash I have said 
BO much about that you arc well acquainted with it. Alumina I 
have noticed on page 108. Alum ia a dovLle saii, as it is termed. 
There are many of such salts. The medicine called tartar emetic 
is a double salt. It is a tartrate of potash and antimony. 

Nitrate of potash, formed by the union of nitric acid and pot- 
commonly called either nitre or saltpetre. It is chiefly 
interesting aa being one of the ingredients of gunpowder. This 
article is made of three things, nitre, charcoal, and sulphur. They 
are very carefully mixed. When fire is touched to this mixture 
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it readily bums, and ia the burning a great quantity ( 
produced all at once. It is this gas, striving to get room for i 
self, that drives the ball out of the gun or cannon, as is fully ej 
plained in the chapter on Powder in the Third Part of the Child| 
Book of Nature. I 

But how is this gas produced? Let us look at this. The nitt 
is composed of nitric acid and potash. Now there is oxygen gt 
in both nitric acid and potash, and this oxygen quickly unit| 
with the carbon or charcoal, forming a great amount of carboDjI 
acid gas. In doing this it sets free the nitrogen gas which 
with it in the nitric acid, this acid being composed, as you leai 
in Chapter III., of oxygen and nitrogen. Carbonic acid gas 
nitrogen are then the chief gasea that are set free in firing 
powder, and produce the explosion. 

Think how great the change is in this case. From a si 
quantity of powder comes out, all at once, a very large bulk 
gases. I say comes out, for the gases were in that powder loci . 
np, and squeezed, as we may say, into small quarters. And 8| 
what it is that sets free these condensed gaaea. It is our liv4 
fiiend oxygen, waked up by fire to assert its affinities. 

I will notice only one other nitrate, the nitrate of silver, 
is a white caustic salt. It ia used in making indelible ink. H 
used also in the mixtures for coloring the hair dark. 

The acetate of lead is commonly called sugar of lead, becai 
it has a sweet taste. It seems strange that it should have sucl 
taste when one of its ingredients is so sharp an acid. You 
have some idea of its sharpness when you call to mind that 
makes but about the twentieth part of the sharpest vinegar. 
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I will describe a beautiful experiment that you can try with 
this salt. Dissolve half an ounce of sugar of lead in six ounces 
(twelve tablespoon sful) of water, in a phial. Fasten in the cork 
a rod or sticlc of ziac, as you see in Fig. 43. You will soon see a 
change taking place. The ziuc will begin to have little spangles 
upon it, and these will gradually branch out in all directions, 
rig. n. forming a sort of tree. This tree is made of the 
metal lead, and is called the lead tree,* The ex- 
planation is this. The acetic acid has a stronger 
affinity for zinc than it has for lead. It therefore 
leaves the le-ad and unites with the zinc to form 
acetate of zinc. The lead, which is separated from 
the acid, forms the tree, while the acetate of zinc 
dissolves in the water, taking the place there of the 
acetate of lead. It takes a day or two for the tree 
to be completed. If, on making the solution in the phial, it is 
not perfectly clear, you can make it so by adding a little good 
vinegar. 

The change of the acid in this experiment from the lead over 
to the zinc is like the change of sulphuric acid from the copper 
to the iron in the experiment with sulphate of copper given on 
page 189. In both cases the acid quits one metal to unite with 
another which it likes better. 



• Thia tree can be made to have different shapes bj a little contriFancB. Fasten 

Binall Inmp of ainc to Ihe undur side of the cork by a siring througb the cork. 

Then &flten lo ihe linc some flne brass or copper wire, which jon can make branch 

out In Turions directions. The crystals of lead nill collect on these branchiv, and 

this will givo a more perfect tree shape ilinn the elip of line will. 



BUIiFHATES, NITRATES, AND ACETATJBB. 148 



yaOigita. Cooking In oopper reMeb. 



I will notice bat one other acetate, that of copper, commonly 
called yerdigris. This is a green-colored salt, and is very poi- 
sonous. It is nsed in painting. Whenever acetic acid comes in 
contact with oopper, this salt is formed. You can see, therefore, 
how dangerous it would be to have any cooking operation in 
which vin^ar is used done in a copper vessel. 



r. — ^What are the chemical name and composition of g3rp6am ? Why is it 
caDed plaster of Paris? What is said of the difference between gypsum and its in- 
gredientB? What of the difibrence between lime and sulpharic acid and their in- 
gredients ? What is alabaster, and for what is it nsed ? What is satin spar ? What 
is mesxAby /oSaied gjjsam? Explain how gypsum is used in making casts. How 
can yoa copy coins with powdered gypsum? What is said of hard finish ? What 
are the chemical name and composition of Glauber's salt ? What are Epsom salts ? 
Why are these two salts called neutral salts? Give the chemical name and com- 
poshlon of the three vitriols. State the knife-blade experiment. State and explain 
the facts in regard to the copper-mine in Ireland. What are the chemical name 
and composition of alum ? What are double salts ? Give the chemical name and 
composition of Tartar emetic. What is the composition of saltpetre ? Of what is 
gunpowder composed ? How docs it exert such force when fired ? What are the 
gases set free in discharging it, and how are they produced ? What is said of the 
change produced in the powder? What is said of the nitrate of silver? What of 
the acetate of lead ? Describe and explain the formation of the lead tree. How is 
the change here like that in the copper-mine related on page 140 ? What is said of 
the acetate of copper ? 
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CHAPTER XXIt 

SHELLS, COEALS, AND BONES. 

The sheila that you pick up on the eea-shore are made of car- 
bonate of lime. Ail oyster-shells are made of this substance. 
The lime which is used for making mortar and other purposes ia 
often obtained from oyster-shells, just aa we obtain it from lime- 
atone. It ia obtained by burning them ; that is, by heating them 
very strongly. The heat, as you have before learned, drives off 
the carbonic acid gas, and leaves the lime alone. 

From whence comes all this carbonate of lime of which the 
shells are made? It ia in the water, dissolved in it aa the salt is. 
But how does it get into the water ? It comes from the earth and 
the rocks of limestone. It is washed along with the water as it 
runs in brooks and rivers, and at length comes to the sea. Here 
there ia more of it in the water than any where else. 

But how, think you, is this carbonate of lime made into shells? 
Does it gather from the water on the outside of the animals that 
live in them ? Does the oyster, for example, just lie atill, and let 
the shell grow on him by having the carbonate of lime settle upon 
him by little and little from the water, as it crusts upon a stone 
or a stick iu a spring? No, this is not the way. All that big 
rough shell has been swallowed by the oyster, and has been in 
hia blood. Only a little at a time was swallowed, dissolved in 
the sea-water; but that little was used in building hia ahell-house 
to cover him. ' 
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Look at an oyster's shell carefully. There arc difterent layers. 
The outside layer is smaller than the next one, and this is smaller 
than the next, and so on ; and the one next to the oyster is the 
largest. The outside layer was made when the oyster was very 
small — ^a baby oyster, as we may say. Then, as he grew a little 
larger, another layer was formed firom the carbonate of lime as it 
oozed out firom his skill, and so on to the last and largest. 

All shells are not made exactly after the plan of the oyster- 
shell ; but it is as true of them all as it is of the oyster-shell, that 
every particle of them has been swallowed in the water drank by 
the animals that lived in them. 

There is one class of animals that live in the sea which make a 
singular use of the carbonate of lime that they continually swal- 
low. I mean the coral animals, as they are called. These little 
animals always stay exactly where they are bom. They arc 
fixed to a strong foundation. That foundation is their skeleton, 
formed from the carbonate of lime which they have swallowed. 
This skeleton extends up into the animal's body. The animal is 
all the time growing upward in the water, and adds continually 
to the top of its skeleton. In the mean time the lower part of its 
body is always dying. It dies below while it grows above. 

You see what the effect of all this is. The animal is building a 
column of carbonate of lime, he being all the time at the top of it, 
sitting on it like a well-fitted cap. 

But these animals always live in companies and build together. 
If a great many of them, then, build together their columns along- 
side of each other, there will bo a great deal of building done, 
though each does but little. 

K 
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You will be surprised whea I tell you that whole islands have 
been built in this way. Long ranges of coast, sometimes for 
hundreds of miles, have been lined with reefs built up by these 
little animals. Some of the tiny builders that do such work are 
no larger than the head of a pin. 

These little reef-builders have done a vast deal of work in one 
part of our country — in Florida; and they are engaged in the s 
work now. Onee there was no Florida. The peninsula we call 
by this name was not there. The sea covered what is now dry 
land. This was centuries upon centuries ago. Florida, since 
that, has been built up, and the work has been done by the little 
coral animals. All the foundation of Florida has been gathered 
from the water by them. Yes, it had to be actually swallowed 
by animals before it could be made into Florida. 

I will show you a little how this building was done. All along 
the coast of Florida, a little way out from the main land, there are 
islands called keys. These have been built up by the coral an- 
imals. They began their work down deep at the bottom of the 
sea, and worked along upward till they reached the surface. Then 
their work was done, for they can not work out of water; and 
their work being done, they died. 

But something more needs to be done to make these coral reefs 
St to live upon, for they are merely plains, as we may call them, 
of carbonate of lime, which just come to the surface of the water, 
and when it is high water they are entirely covered. After a 
while they do become real islands, and things grow upon them, 
and people live there. I will tell you how this ia done. The 
waves, dashing over the reefs, break them up somewhat, and the 
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pieces are washed up toward the middle of the reef. At the s;une 
time, the dirty stuff of various kinds washed about in the sea col- 
lects there also, and the sea-weed is thrown up \\iK>n t}ie hoai^s in 
considerable quantities by the waves. All this gradually forniH a 
soil upon the reef, and makes it a real island. Seeds arc droppi'd 
there by birds, or are carried there in the water, and are waslied 
up on to the land. Grass, flowers, shrubs, and trees soon grow 
there, and then man comes and plants such things as he wishes to 
have grow, and builds his habilition. 

These i^Umds along the coast of Florida will, after a while, join 
to the main land; that is, become a part of Florida itself. How 
is this? The space between the main land and the islands is con- 
tinually filling up with mud, which washes in there, and after a 
long time there will be so much of it as to make dry land. All 
Florida has been made in this way. Island afl«r island has been 
biAt up by the coral animals, covered with soil, and then joined 
to the main land in the way that I have pointed out. 

But you win ask why the coral-builders do their work away 
fix>m the main land, instead of building up upon the edge of the 
shore. This is because the work is begun by coral animals that 
are fond of deep water, and can not live in shallow water. They 
work away, swallowing stone and laying it down, till they come 
up somewhere near the surface of the water. Their work is now 
done, and they die. Then another set of coral-builders, that are 
fitted to live in shallow water, go to building on the foundations 
laid by their deep-water friends. 

Diflferent kinds of coral animals have different fashions in build- 
ing. There are beautiful specimens of their various work to be 
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CHAPTER XXni. 

GLASS ANR EARTHENWARE. 

YoD will think it strange when I tell you that, in treating the 
aubjecta named at the head of this chapter, I shall introduoe you 
to a certain class of salts. Yet, surprising to you as it is, in glass 
and earthenware we have salts made with an acid, like the other 
Baits of which I have told you. 

The acid which is in these salts is of a very peculiar character. 
Most acids, you know, are decidedly sour to the taste, and are 
liquid, as sulphuric acid, nitric acid, acetic acid, etc. There is, in- . 
deed, one acid that I have told you much about, carbonic acid, i 
which is a gas, and has rather a pleasant, lively, but scarcely acid ' 
taste, as you perceive in drinking soda-water. But the acid which 
we have in glass and earthenware is much more singular than t 
this. It has no taste, and is solid, very solid. It is the substance 
which you see in flint, and in quartz or rock crystal, as it is called. 
The shining, clear grains which you see in sand are composed of , 
this acid. It ia called silicic acid, or silica. The latter is the 
le most often given to it. Very hard substances are these 
grains in the sand, and, if you put them into your mouth, so far 
from being sour, they are entirely tasteless. 

Why, then, is this silica considered an acid ? For several rea- 
ns, which I will now give you. 

One reason is, that, like most of the acids which I have men- 
tioned, it is composed of oxygen united with another substance. 
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Thna, as sulphuric acid is composed of oxygen and sulphur, and 
carbonic acid of oxjgea and carbon, bo siUcic acid, or silica, is 
composed of oxygen and a substance called silicon. 

Another reason is, that silica acts like the acids in regard to 
other substances. Thus, as sulphuric acid unites with lime, form- 
ing sulphate of lime, and carbonic acid unites with it to form car- 
bonate of lime, so silica, or siUcic acid, unites with Ume to form a 
substance wiiich we call silicate of lime. 

But perhaps you will ask, why not consider this silica an oxyd 
instead of an acid — an oxyd of silicon — as it is composed of sUi- 
con and oxygen ? First, because nearly all oxyds are formed 
■with metals, and silicon does not appear at all like a metal. Then, 
again, if silica were an osyd, it should unite with acids to form 
salts, as the oxyds do ; but this it can not in any way be made to 
da On the other hand, it unites with oxyds, as is the case with 
other acids. 

Silica is a very important part of some plants. It is in the 
Btalks of all grass, giving them such firmness that they can stand 
up. It is also in the stalks 'of all grain. It is to these and some 
other plants very much what bones are to animals. In some 
plants there is so much of silica that they are used for scouring. 

But how does this flint or silica get into plants? If you even 
make it very fine indeed, and put it into water, none of it will 
dissolve. It seems strange, then, that any of it should go with 
the sap up into any plant. To do this, it must be made very fine, 
much finer than we can make it by pounding and grinding; and 
this is done in some way, we know not how, about the roots of 
plants. But this is not enough ; it must be changed so as to make 
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of alumiDo, Bat all clay, as we &ad it, containa more or less of 
other silicatea, of lime, of potash, etc. 

The brownish-red color of bricks and common flower-pots is 
owing to the rust of iron which ia in the clay. 

Bricks, you know, are quite porous, and so water will soak into 
them. This is also the case with common flower-pots. TMs 
porousness will do us no harm in this case, but generally it is 
necessary to have earthenware so made that no fluid can escape 
through its pores. It would not answer, for example, to keep 
preserves in jars of porous earthenware. The watery part would 
gradually escape through the pores, and the preserves would be- 
come dry. 

The difficulty is remedied in two ways. One ia to glaze the 
surface of the earthenware; that is, a glass surface is made. 
This is done in various ways. One method yon will be interested 
in, because you can understand the chemistry of it. The fumes 
of common salt are made to go up all about the articles of earth- 
enware when they are very hot. Now salt ia composed of the 
gas chlorine and the metal sodium. I told you a little about 
chlorine on page 122, and I shall tell you more particularly about 
it in the next chapter. You learned something about sodium in 
Chapter XIV. In the glazing the chlorine leaves the sodium to 
unite with some of the iron in the earthenware. Then the so- 
dium, thus left by the chlorine, becomes soda by taking some ox- 
ygen ; and this soda unites with the silica in the earthenware to 
form a silicate of soda, thus making a soda glass, as we may caU it. 
So you have a coating of this glass all over the articles. 

Another mode of making earthenware impervious to water 
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is to make the ware partly earthen and partly glass. The in- 
gredients are so selected that you may have the silicates of lime, 
potash, etc., of which glass is made, thoroughly united with the 
silicate of alumina or clay. This stops up all the pores, and does 
not merely shut those which are outside, as the glazing does. 

QuetUons, — ^To what cUu» of sabstances in chemistry do glass and earthenware be- 
long? What are the qualities of most acids? How does carbonic acid diiler ftx)m 
them ? What is silica ? In what substances do yon see it ? How is it unlike other 
acids? What is the first reason given for calling it an acid ? What is the second 
reason? Why do we not call silica an oxyd? What is said about its being pres- 
ent in plants ? How does it get into them ? What is said about its being deposited 
in the right place ? Tell about silica in mortar. What are the salts made by silica 
called? What is common window-glass? Tell how it is made, and explain the 
chemistry of the process. What is said of soluble glass ? How are the varions col- 
ors of glass produced? Relate the anecdote about the discovery of the way to make 
glass. What truth does this illustrate? What is in earthenware? How is it in 
poiTcelain, in flower-pots, in bricks ? What is the composition of pure clay ? What 
else is there commonly with it? What is the cause of the brownish- red color of 
flower-pots and bricks? What is said about their porousness? What is glazing, 
and what is the use of it? Describe and explain glazing with salt. Describe an- 
other way of making earthenware impervious to water. 
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CHAPTER XXIV. 

CHLORINE, BLEACHING, AND COMMON SALT. 

The salts which I have noticed in the previous chapters are 
made with acids ; but there are some salts in which there is no 
acid. They are formed by the union of certain simple substances 
with a metal. Common salt is one of these salts. In this sub- 
stance we have, as stated in the previous chapter, the metal so- 
dium united with a very singular gas called chlorine, and so the 
chemists call it the chloride of sodium. 

You remember that all the compounds of the gas oxygen form- 
ed with metals are called oxyds, or oxides, as it is sometimes 
spelt ; so all the compounds of this gas chlorine are called chlo- 
rides. Salt is a chloride of sodium, as soda is an oxyd of it. 

Before I tell you particularly about salt I will speak of the gas 
chlorine. It is one of the gases that has color. Its color is a 
greenish-yellow. It has a powerful and very peculiar odor, It 
is very injurious if breathed in any quantity. Even when diluted 
with considerable air it is very suffocating. If you should breathe 
it without any air mixed with it you would die. Yet to breathe 
a very little of it, mixed with a great deal of air, does no harm, 
and it is supposed by some physicians that it is beneficial to those 
who have consumption. 

Chlorine is of great use in purifying foul air. You perhaps 
have seen chloride of lime, moistened, set round in dishes where 
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there is sickness of such a. kind as to cause bad odors. It is the 
chlorine that comes from this that purifies the air. The little 
chlorine that escapes into the air in this cose, although you smell 
it pretty strongly, does no harm to your breathing, for it is very 
largely diluted with air. 

The odor of this gas is so peculiar that if you have ever smelled 
it once you always know it afterward. You smell it wherever 
there is bleaching of cloth going on. You smell it, therefore, 
1 p£^r mills, for the rags out of which the paper is made are 
bleached by it. 

I wiU tell you about this bleaching, K you put a rag of calico 
into a jar of chlorine gas, no effect will bo produced on its colors ; 
but moisten the rag before it is put in, and the colors will be 
taken out by the chlorine at once. Chlorine must have wat«r 
present, or it will not bleach. 

Chlorine gas will dissolve in water, and the solution is very 
eonvenient to use in bleaching. A qalico rag dipped in it is very 
*oon made white. It will take out ink-spots also. It haa no ef- 
fect upon printers' ink, however, nor can it bleach woolens. 

You see the great usefulness of chlorine in making paper. 
White paper can be made out of rags of all colors, because the 
oolors can be removed by the chlorine. You see, too, its useful- 
n whitening cloth. The old method of doing this was very 
alow. It was to spread cloth out upon grass for the sun, and rain, 
;and dew to whiten. This, called grass-Ueacliing, took weeks ; but, 
with the quick bleackmg by chlorine, we can do the same thing in 
I few hours. Some eare is required not to have the chlorine 
urater too strong, and to get all the chlorine out of the uloth after 
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the bleaching ia done. If this care is not exercised the c 
lose some of its strengtb, some of the substance of the cl( 
eaten out aa well as the coloring matter. 

Exactly how chlorine bleaches you are not sufficif 
vanced in chemistry to understand, and that I shall expli 
next book. 

You can make chlorine in this way. Pour into a pi 

two tablespoonsful of common sulphuric acid, and ad( 

more than the same quantity of chloride of lime, or \ 

powder. Add the powder gradually, covering the bottl 

slip of glass each time after dropping some I 

resented in Fig. 44. Chlorine made in this 

LDSwer for many of the experiments. 

The explanation is this: The sulphuric a 
iug a stronger af&nity for lime than chloi 
takes the lime and unites with it. The chit 
ing thus separated from the lime, rises up 
the bottle. 

Another method is to put some black osyd of mangai 
a flask, and ponr in enough muriatic acid to cover the 
seen in Fig. 45. Gentle beat must be applied, and the 
pass over into the bottle which is placed tf 
it. You observe that the tube reaches to 
torn of the bottle. This is to have the ohk 
push up the air which ia in the bottle, ' 
readily does, taking its place in the botth 
two and a half times aa heavy as air, and so has no dispo 
escape upward. You can tell when the bottle is full by t! 
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I When it is full slip it out from under the tube, oork it, aud place 
I the lube in another bottle. 

The explanation of the formation of chlorine in this way is 

I easy. The oxyd of manganese has a great deal of oxygen in it, 

fffbiJe the muriatic acid ia composed of hydrogen and chlorine, as 

J yoii learned on page 122. The hydrogen of the acid unites with 

m&e oxygen of the oxyd of manganese, so that the chlorine of the 

'i is set at liberty. 

r- ng. 41. Although chlorine gas ia so destructiTC to life when 

breathed, it supports combustion- If a taper, Fig. 46, be 

introduced into a bottle of this gas, it bums w-ith a duU 

/!V red flame, and a thick cloud of smoke. The cxplana* 

^^Bn lion ia this : Chlorine has a strong affinity for hydrogen, 

H *»£ W but none for carbon. It therefore unites with the hy- 

\b=-^ drogen of the taper or candle, and the flame, heating the 

Brbon that is with the hydrogen in the taper, sends it upward in 

I dense smoke. 

rig. «. So, also, ifa slip of paper, moistened with oil of turpen- 
jflK tine, be introdaced into a bottle of chlorine, Fig. 47, the 
VK hydrogen of the turpentine will bum, while its carbon 
■■ will pass off unburnt in smoke. 

By A See how very widely both of the ingredients of salt 
I Mm differ from the compound which they make. Chlorine is 
*fiy a gas of moat powerful odor, very suffocating, so that to 
reathe it clear is to die. Sodium is a metal which, if put on your 
>Dgne, would take fire, and turn into a caustic. Yet this gas and 
letaJ together form a very mild, pleasant salt, which is a part of 
le food of man and beast every where. 



CHAPTER XXV". 

CHL0mt)E9, IODIDES, BROMIDES, AND SEA-WATER. 

I HAVE, in the previous chapter, told jou about one chloride, 
the chloride of aodiEm, But there are many other chlorides, for 
chlorine unites with many of the metals. With some it unites 
with such eagerness that they burn together. Thus, if you 
sprinkle a fine powder of the meta! antimony into a jar of chlo- 
rine gas, each particle will take fire. You will therefore have a 
shower of fire in the jar, and there will be a white smoke. This 
smoke is composed of very small particles of chloride of antimony, 
for in the burning the chlorine and antimony unite together. 

There are two chlorides of mercury, which are very different 
from each other. One is calomel, and the other 
limate. The difference in their composition is that the 
sublimate has exactly twice as much chlorine in it as the calomel. 
The calomel is called, therefore, the chloride of mercury, while 
the corrosive sublimate is the bichloride. This difference in the 
proportion of chlorine makes a vast difference in the qualities of 
the two substances. The corrosive sublimate is very soluble in 
water, but the calomel will not dissolve at all. The corrosive 
sublimate is a violent eating or corrosive poison, as its name in- 
dicates. If it be swallowed it burns the stomach and all of the 
passage to it. But the calomel is a white powder, like flour, that 
produces no irritation when taken into the mouth. 

Some families keep a bottle of corrosive sublimate, dissolved in 



some liquor, as. bed-bug poison, for it will kill this and other bugs 
when pat upon them. Sometimes, from carelessness, this poison 
has b(Kn drank, and many deaths have Tjcen caused in this way. 
Kow every body ought to know exactly what tO' do when this 
accident happens, for what is to be done must be done quickly. 
The individual must be made to swallow very freely of the whites 
of eggs. This is the best thing ; but, if there be no eggs at Land, 
iDilk or flour stirred up in water can be used. 

While chlorine makes with sodium so mild a salt, it forms with 
anc a very caustic one. The chloride of zinc is used as a caustic 
considerably by surgeons. 

There are many other chlorides, but it would not be interesting 
to you to hear about them. ^ 

There is a great deal of chlorine in the world, but the most of it 
is in the salt-water of the sea, combined with sodium. 

There is another substance, similar to chlorine in many re- 

iBpects, in sea-water and in sea-plants. It is called iodine. It ex- 

kts in sea-water combined with the metals sodium and potassium, 

chlorine is combined with sodium. In some sea-plants there is 

ng.is, considerable of it, and it is from a ley made with the 

ashes of such plants that it is obtained. 

Iodine is a solid substance, looking something like 
black-lead, but darker in color. If heated it turns into a 
splendid purple vapor or g.is, which is one of the heav- 
iest of the gases. If you put a few grains of it in ajar, 
a, Fig. 48, and place the jar in a sand-bath,* b, warmed 

A sand-bath is simply line sand in a dish. The objoct is lo Bpplj' the bent (frad- 
■Blly. ThiB can be done, however, with a Bpirit-lamp aloUB, by kecjiing it Bt a Utile 
fromiheglaESjiir. 
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Most of the solid matter that is dissolved ia sea-water is ( 
mon salt. Next to this in quantity are the compounds of magf ']] 
nesium — tho chloride of magaesium and the sulphate and carlxffl^ j 
ate of magnesia. It is these that give the bitter taste, especially T 
the sulphate of magnesia or Epsom salts. If you have ever taken , 
any of this as a medicine you will recognize the resemblance be- 
tween its taste and the bitter taste of sea-water. 

There is a comparatively small amount of these saline matters 
in rivera, because the water in them is always moving on to empty 
into lakes and seas. There is little commonly in lakes, because 
the water is running out of them as constantly as it runs in. 
Thus the water that runs into our great chain of lakes in tbfl 
north runs out through the Eiver St, Lawrence into the AtlanUo 
ocean. 

There are some inland seas and lakes that contain more saline 
matters than the ocean itself. This ia partly because they have 
no outlet, and are alone by themselves, and partly because there 

much salt in the neighborhood. The Caspian Sea, the Dead 
Sea, and Lake Aral are of this kind. 

All the saline matters in the water of rivers, and lakes, and seaa, 

;re once in the rocks of the earth, and were carried off by the 
water which is every where so busy. But, for the most part, be- 
fore this was done, they were in various ways broken off from the 
rocks and ground up, so as to make a part of the earth under our 
feet. Here the water found them, and carried them off into the 
brooks, and rivera, and seas. 

But much of all this is returned, in various ways, from the 

ater to tho earth again. I will give bat one example of this. 



ral animals, that I told you about in Chapter XXTI., tat 
! carbonate of lime which the earth has supplied to th^ 
^ve it back to the earth in rcefe, and islands, and pcnin- 

more salt there is in water the heavier it is, and the moro 
Tear up solid substances. Thus a man floating in commoa 
)nly has s part of hia head above the surface, but in the 
)f the Dead Sea it costs him no effort to keep breast hi 
A ship there would easily carry a load which would sink 
water almost any where else. 

There are some pretty experiments 
which show the Jifference between salt 
and fresh water in regard to floating 
substances. Suppose that you have an 
egg in a jar half full of water. The egg 
will be at the bottom of the jar, for it 
is heavier than water. Pour now some 
strong brine into the bottom of the jar 
through a long tube, aa represented ia 
Fig. 50. The brine will force up the 
lighter water, and with it the egg. The 
egg will remain at the middle part of 
the jar, at the bottom of the fresh water, 
floating on the brine, just as a piece of 
wood would float on the surface of water 
in the jar, at the bottom of the air, if the 
jar were half full of water, air of course 
being above it. 
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A verj pretty 
experiment is rep- 
reseoted mFig.51, 
The jar A is filled 
with brine. A lit- 
tle toy Bhip is float- 
ing upon it. To 
have the experi- 
ment succeed, the 
ship must be so 
loaded that it will 
just float upon the 
brine. Ifnowjoa 
place the ship in 
thejaroffreah 
ter, B, it will sink. 
QaetlioBi. — WhM tabeumixa are formed br Ihe anion of chlorine with metals? 
What is remarked aboot this onion in aome esses ? What is said about tbc two chlo- 
rides of mercDTj? What abont poisoning with comwii'e snblimale, and the anti- 
dole ? Wlist is said of the chloride of dnc ? Where is most of the chlorine that it 
in the world? Where is iodine foond, and in combinatioD with what? Describe 
this snbstance. Explain Fig. 4S. Slsle what is represented in Fig- 19, and explsjn 
it. What ore iodides, and n-hat is said of some of them? Describe bromine. What 
is said of the qnantitj- of it in sea-water? With what is it nailed? What is said of 
its poisonons character? To what use has it been applied? What is said of the 
three substances pecniinr to sea-walcr 7 What are the solid sabstances that seo'irBler 
has deposited in it ? Of what nseis thecsrboQaieof linie io sea-waier? What is said 
■nsalt? What is the cause of the bitter taste of sea-water? What is said 
if solid matters in the water of rivers and lakes? Mention some inland lakes and 
■e salt. Whj are they to ? Gi»e the espetimeiit with the egg. Also the 
experiment iviih the toy ship. 
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CEAPTEE XXYI. 

SOLUTION AND CRYSTAL LIZATION. 
9 a great difl'erence in tho different oxyds and salts ii 



f 

^^ There 1! 

H^l^ard lo being dissolved. Some of them will not dissolve at all, 

Boine sparingly, and water will take in large quantities of some 

others. Calomel, for example, which is a chloride of mercury, is 

'^^ perfectly insoluble ; that ia, not a particle of it can be dissolved in 

^Mrater. But corrosive sublimate, the bichloride of mercury, is very 

Hpoluble. Magnesia, an oxyd of the metal magnesium, is insoluble. 

I^EYou know this if you have ever taken calcined magnesia, aa it is 

' caliedj stirred up in sugar and water. But potash, which is an 

cxyd also, is exceedingly soluble. It is very eager for water, and 

if exposed will become dissolved in the water which it gathers 

6om the air. It can be dissolved in half of its weight of water; 

thatis, a pound ofwater will dissolve two pounds of potash, Now 

lime, which is another oxyd, Ukes water, but it takes a thousand 

pounds of water to dissolve one pound of lime. 

The Creator has made this great difference between potash and 

lime, in regard to solubility, because the difference is needed. For 

^ example, we want to use lime in plastering walls ; but it would 

I not answer for this if it would, like potash, gather water from the 

r and dissolve in it. It would be rather inconvenient to have 

atering in our houses dissolve and run down whenever it 

i&Qced to get wet. But for the uses for which man needs potash 
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well to have it dissolve easily. For instance, it ia 
ing soap, and needs to be soluble for this purpose. 

Salt dissolves easily, but not as easily as potash does. It would 
be inconvenient to have it do so. Wo want to keep salt dry for 
nse, and this we could not do if it were as fond of water as pot- 
ash is. The Creator has made it soluble to jtist the right degree 
to suit the uses for which he designed it. It sometimes troubles 
us by gathering moisture from the air, but this is only when the 
weather is damp ; that is, when the air has much water in it. 

Let us compare two carbonates in regard to solubility, the car- 
bonate of soda and the carbonate of lime. The carbonate of soda 
is very soluble. This is convenient for the uses to which man puts 
this salt. But the carbonate of lime, which appears in the forms 
of ehalk, limestome, marble, etc., is very sparingly soluble. It 
would be bad to have it dissolve readily in water. This salt, you 
know, makes the shells of oysters and other shell-fish. It would 
not be well to have their shell houses made of a material that the 
water could dissolve easily. And yet, if carbonate of lime were 
not somewhat soluble, how could it get into the blood of these 
animals so that it can be made into shell ? You see, then, that the 
Creator has made this all just right. 

But, besides this, it would be very injurious to have so inuoh 
carbonate of lime in the water as there would be if it were very 
soluble. The rain that comes down upon chalk and limestone, 
which here and there form rocks and hills, and even mountains, 
washes down always a little, and carries it among the particles of 
the earth, and down streams into the ocean. That little is enough 
.for building the houses of the shelled animals and other purposes. 
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If tlie carbonate of lime were more eoluble there would be more 
1 than enougb, and it would give ub a great deal of trouble. When 
B«ell-water is hard it is very commonlj because there happens to 
^Be considerable carbonate of lime in it. 

H^ Silica is, like carbonate of lime, sparingly soluble. Suppose 
fliat it were not soluble at all ; all onr grass and grain would lie 
flat along the ground, for it is the ailica in them that gives them 
the firmness by which they stand np. 

Commonly, when a substance is soluble, there will more diaaolve 
1 hot than in cold water, but this is not so with common salt. 

When we have made water dissolve just as much of a subatanee 
B it can, we call it a saturated solution. This word comes from a 
etin word which signifies to satisfy or feed to the full. Water 
I more easily satisfied or saturated with some substances than 
rith others. Potash and lime are in strong contrast in this re- 
; a half a pound of water will not be satisfied till it has dis- 
lolved a pound of potash, while a thousand pounds of water will 
e satisfied or saturated with a pound of lime ; that is, it takes two 
tand times as much potash to saturate water as it docs lime. 
Observe what it is to have a solid substance dissolved in water. 
Some solid substances you can mix np very thoroughly with wa- 
ter by powdering them well, and yet they do not dissolve. Cal- 
cined magnesia is readily mixed with water, but it is not dissolved, 
and it settles after the water has stood for a little while. But a 
Bubstance that dissolves disappears. Yon can not see it If it 
have color, you see that in the water, but not tho little grains or 
B^rticles, as you do in the magnesia and water, A perfect solu- 
^^n is clear and transparent The substanos dissolved is much 
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There are great varieties in crystalline arrangement. I will 
F^oa. point out some of them. In Fig. 52 yoa have repre- 
sented a lamp of mica. This is arranged in leaves 
whicL you can peel o£F exceedingl j thin. You see tlia 
, mineral used for windows in stove doors. The sheets 
f mica, or isinglass, as it is commonly called, used for 
' this purpose, are really made up of very many of these 
thin leaves. In Fig. j^^^ j^^ 

53 jou see the shapes 
of the crystals of common salt 
They are exactly square blocks. 
And in Fig. 54 yoa see the forms 
of the crystals of a veiy beauti- I Lp-^t'^B / 
fill mineral called calc spar, or *--^^^ 
sometimes Iceland spar, because it was first brought from Iceland. 
It is composed of the same things as common chalk. You see 
that the crystals are not square like those of salt, but they are 
sloping. These are but three of the very many varieties that oc- 
cur in the shapes of crystals. Sometimes the same substance ap- 
pears in many different forms. This is the case with gypsum, as 
noticed on page 137. The various forms and arrangements of 
the crystals of water in snow and frost are very beautiful. I 
have spoken of them particularly in the chapter on Snow, Frost, 
and Ice, in the Third Part of the Child's Book of Nature. 

In the crystals of some salts there is water locked up and con- 
cealed, but in some there is none. In carbonate of lime there is 
no water, but only carbonic acid and lime. In carbonate of soda, 
on the other hand, there is more of water than there is of carbonic 
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acid and soda together. In 100 poundB of this salt there are 63 
of water. Yet the crystals are dry crystals ; for the water is a 
part of the solid substance, locked up with the carbonic acid and 
the soda. You can get this salt without any water in it by heat- 
ing it ; but the first thing it does on applying the heat is to melt 
in its own water. As you continue the heat you drive off this 
water into the air, and the powder of the salt is left behind. It 
is no longer crystalline ; for it can not be so without its supply 
of water, or its water of crystallization, aa the chemists expre-ss it 
When this term is used in regard to any substance, we mean the 
amount of water which is contained by it when it is in a crystal- 
line form. This differs in different substances. Some require 
no water, some a little, and some a good deal. 

Nitrate of potash, or saltpetre, has no water in it If it had, it 
might not answer as well for making gunpowder. Hitrate of 
soda has no water in it, and it would do for making gunpowder 
as well as the nitrate of potash, were it not for one thing ; it gath- 
ere moisture from the air. This would not answer for powder, 
for powder must be kept dry, you know. A salt which thus 
gathers moisture from the air is said to deliquesce— & word which 
comes from a Latin word meaning to melt. A salt, on the other 
Land, which, on exposure, loses its water of crystallization, and 
changes from a crystal into a powder, ia said to effloresce. Crys- 
tals that do this have a mealy powder gradually form on their 
surface. The word effloresce cornea from the Latin word mean- 
ing to flower. It is as if the mineral flowered out. 

Many of the metals show us crystals. In the formation of the 
il-trec described on page 142, the lead becomes crystalline. 
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carbonate bos. People often use this in making bread and cake, 
introducing some acid to take the potash, that the carbonic add 
gas may be set free and raise the dough. Sour mUk is often em- 
ployed to decompose thus the sal roratus. 

When we separate carbonic acid from carbonate of lime by 
heat, very great heat is required. But we can get it away with- 
out any heat at all. It is by using an acid which has a stronger 
affinity for lime than the carbonic acid has. This is illustrated in 
the mode of obtaining carbonic acid gas described on page 37. 
The muriatic acid takes the lime and lets the carbonic acid go. 
The same thing can be done with sulphuric acid, for this. has a 
greater aifinity for lime than carbonic acid has. 

Solid substances need commonly the help of water to make 
their affinities for each other operate. If you mix the two pow- 
ders, tartaric acid and bicarbonate of soda, together dry, there will 
be no action; but if you dissolve them, as stated on page 134, as 
soon as the solutions are mixed the tartaric acid at once takes 
hold of the soda, and the carbonic acid, thus released from the 
soda, effervesces. So, too, if you make a heap of the two pow- 
ders mixed together, all will be quiet; but pour some water on 
the heap, and there will be a great disturbance aa the water intro- 
duces the tartaric acid to the soda, and the carbonic acid haa no- 
tice to quit. Why the difference ? It is because in the dry state 
the two kinds of particles do not get near enough to each other 
to produce the effect. Powders, even when made very fine, look 
coarse when examined by the microscope ; but the same sab- 
I stances dissolved in water are much more minutely divided, and 
J BO their particles are more thoroughly raised up, and are nearer 
Lto each other. 
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■ You have seen that heat sometimes favors chemical affinity, 
m and Eometimes acte against it. Besides this, heat is oJten caused 
' by chemical affinity. Generally, when any thing is burned, the 
heat which is produced is owing to the rapid -union of oxygen 
with the burning substance. Thus, if carbon is burned, the car- 
bon uniteB with oxygen, and so makes heat. The heat here 
comes from the affinity of carbon and oxygen for each other. 
~ ), when water and lime are mixed together, as in the making of 
mortar, great heat is pro- 
duced by the action of the 
affinity. Sulphuric acid 
and water have a strong 
affinity for each other, and, 
as stated on page 119, 
when they are mingled to- 
gether considerable heat 
is caused. In Fig, 55 you 
see represented a curious 
way of using this heat. 
Two men, who have gone 
up in a balloon so high 
that it is very cold, are 
hugging a bottle in which 
they have just mixed some 
sulphuric acid and water. 
It is supposed that the 
^^^^- heat in this case is owing 
^=^ to a good squeezing which 
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the acid gives to the water, or which they give to each other. 
For if a pint of acid and a pint of water be poured together, the 
two pints make less than a quart ; and this sudden condensation 
ia supposed to create the heat 

Chemical affinity is exceedingly regular in its operations. It 
does not make substances unite in all sorts of proportions. If 
two substances unite together to form several different compounds, 
the proportions are 85 regular that they can be represented by 
whole numbers. I have already told you about this in regard to 
Bome compounds. For example, the bicarbonate of soda has ex- 
actly twice as much carbonic acid in it as. the carbonate has (paga 
134), and the bichloride of mercury has twice as much chlorine 
as the chloride. So, too, in the five compounds of oxygen and 
nitrogen (page 29), the proportions of oxygen are exactly as 1, 
2, 3, 4, and 5. 

Observe now, in regard to the compounds of oxygen and nitro- 
gen, that the nitrogen is the same in amount in all of them. 
The difference of proportion is only in the oxygen. Of the five 
compounds there is the most oxygen in the nitric acid, and the 
least in the nitrous oxyd or laughing gas. In the nitrous oxyd 
the proportion of oxygen is as 8 to 14 ; that is, in 22 pounds of 
nitrous oxyd there are 8 of oxygen and 14 of nitrogen. But as 
in nitric acid there is the same amount of nitrogen, but five times 
as much oxygen, the proportion of oxygen to nitrogen in this 
acid is as 40 to 14; that is, while there are 8 pounds of oxygen 
and 14 of nitrogen in 22 of nitrous oxyd, there arc 40 of oxygen 
and only 14 of nitrogen in 54 of nitric acid. Can you tell me, 
then, how much there is of oxygen and of nitrogen in 108 pounds 
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of nitric add? If jou work out the following sums by the rule 
of three, you will gel the right answers. 

54 : 40 : : 108 : amount of the oxygen. 
54 : 14 : : 108 : amount of the nitrogen. 

The proportions of the different compounds of oxygen and ni- 
trogen may be stated thus : 

Nitrogen. Oxygen. 

Nitrons oxjd H 8 

Nitric oxyd 14 16 

Hyponitrons acid 14 24 

Nitrous add 14 82 

Nitric add 14 40 

The difference in the proportion of oxygen, you see, is exactly 
as 1, 2, 8, 4, and 5. There is never the least variation from this. 
You can not in any way make, for example, 8i pounds of oxy- 
gen unite with 14 of nitrogen. The extra half pound will be put 
one side. The 14 pounds of ^nitrogen will not take a jot more 
than 8 of oxygen. To make it unite with any more, you must 
give it twice as much, 16 pounds, and then it will make nitric 
oxyd ; or 24, and then it will make hyponitrous acid, and so on. 

There are some substances that unite in a different range of 
proportions — 1, 1^, 2, 8, 8^. But this can not be really called an 
irregularity. 

Compounds differ from mere mixtures in these fixed and defi- 
nite proportions. You can mix alcohol and water together in all 
kinds of proportions. The same is true of the mixtures of the 
metals called alloys ; but in forming real compounds, substances 
unite together in exact proportions. 
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We Bee in this exactness of proportions, as we do in crystaJli- 
zation, what order prevails jn creation. Nothing is left loose and 
indefinite, as ia too often the case with many of the arrangements 
of man. Amid all the changes of matter, whether taking place 
in quiet, or in the agitation of combustion, or even explosion, 
there is always in the combinations that occur a strict compli- 
ance with the arithmetical proportions that I have indicated. 
God thus marshals in perfect order alike minute particles and 
immense worlds. 

QuHfi'ona. — Wliat u chemical affinity? Stale the difference in strength of affln- 
Itj of iron and potosBiom-far Qxygen. What ie said of tlie quiclc union of iron with 
rrnygon ? How ia the affinity of iron for oxjgen illuBtrnted in one mods of obtain- 
ing hydrogen ? What is eaid of Iho Doblo metals ? Giro what ia stated ia Chapter 
lY. alraut the union of nitrogen and oxygen. What is said of (he affinity of phos- 
phorns for oajgon ? What ia the object of putting chlorate of potash with pbos- 
phorns in matches? Give an example of heat acting in opposilion to chemical affin- 
ity. What is said of dccompoaing carbonate of potash ? What is decomposition ? 
What ia gnid of the bicarbonate of potash ? What is said of Eeparaling carbotilc 
acid from carbonate of lime? What is said of the influence of water □□ chemical af- 
finity? Stale what is aaid about mixing soda powden. Give some examples of heat 
being produced by chemical affinity. Explain Fig, 55. What really prodncea thg 
heat in thiB cose? What ia said of the reguUrily with which chemical affinity acts? 
Stale particularly what Is said of the compounds of nitrogen and oxygen. How mach 
oxygen and how much nitrogen is there in 108 pounds of nitric acid ? How much 
in 163 pounds? How much in 100? in 60? in 25? Stale what is said aboat the 
oxactnesB of the proportions of oxygen in the different cotnpoonds of oxygen and 
nitrogen. What diffi-rent range of proportbos is there in somo cases? How do 
compounds diftor from tnixtnrea in regard to proportions? What is said of the or- 
der preserved in 
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CHAPTER SXVin. 

WOOD. 

So far I Lave told jou mostly alraut the ebemiatiy of mineral 
substances; that is, substances which neither have life ia them 
nor are produced by the operations of life. Most people, when 
the term mineral substancea ia used, think only of soHd substances; 
but air and water are aa really minerals as the crystaia you see in 
a cabinet of minerals, or the rocks and stones that you see about 
you. Wood, sugar, starch, gum, skin, flesh, etc., on the other 
tand, are not mineral, for some of these have life, and all of them 
are produced only by the operations of life in either vegetables 
or animals. It is to this chemistry of life, aa we may call it, that 
we shall attend ia the few remaiaing chapters. I shall begin with 
the chemistry of vegetables. 

I have told you already something about the chemistry of vege- 
tables in speaking of carbon aa entering into the leaves and mak- 
ing a part of the wood of trees. Now wood ia composed of three 
things, carbon, oxygen, and hydrogen. You see that it ia com- 
posed of a solid united with two gases. When we make charcoal 
out of wood, as I described to you on page 33, we decompose the 
wood. We send off its oxygen and hydrogen into the air by the 
heat of the burning, and most of the carbon is left behind alone. 
I aay most of it, but not all, for some of the carbon unites with 
the oxygen in the combuation, and flies off as carbonic acid gas. 

Though you can thus decompose wQod, you can not take the 



ingredients and unite them together so as to make wood of them. 
If yoa mix up powdered charcoal with water, you have all of the 
ingredients of wood together ; but jou can not in any way make 
them unite together to form wood. So you have the ingredients 
of wood if you put charcoal into ajar filled with oxygen and hy- 
drogen gases, but they will not turn into wood ; they will remain 
just BO. If you light up the tharcoal before you put it into the 
jar, an effect will be produced, but no wood will be made ; an ex- 
plosion will take place, the oxygen and hydrogen uniting together 
in a great hurry, forming water, and some of the oxygen uniting 
with the charcoal to form carbonic acid gas. So, again, if you 
take carbonic acid gas and mingle it in a jar with hydrogen gas, 
you have the three ingredients of wood, carbon, oxygen, and hy- 
drogen, but they will not unite to make wood. 

See how different this is from what we can do with some of the 
minerals that I have told you about For example, take sulphate ' 
of copper or blue vitriol ; this is composed of three things, sul- 
phur, oxygen, and copper. Now we can make the sulphur and 
oxygen unite to form sulphuric acid, and then this acid will unite 
with the copper, forming the sulphate of copper. How readily, 
as another example, carbon and oxygen unite, and make carbonic 
acid, and then the acid unites with the lime to form the carbon- 
ate, chalk. 

But, although we can not in any way make the ingredients of 
wood unite to form wood, it is done in the tree. Let us see how. 
Much of the carbon ia furnished fW>m the air, being taken in by 
the leaves from the air, as you learned in Chapter VUi. Then 
the water that cornea up in the sap from the roots furniahea the 
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oxygen and hydrogen, for water, you know, is composed of these 
two gases. We may say, then, that the tree makes its own wood 
out of charcoal and water. 

"Wood in every tree, is composed of the same things, carbon, 
oxygen, and hydrogen, although the trees are bo different; and 
there is more difference in the ways in which wood is put togeth- 
ftr in different trees than you woulS suppose from looking at the 
outside, or from seeing the wood itself with the naked eye. The 
microscope shows astonishing differences. In order to see these, 
exceedingly thin shavings, of various kinds of wood, are cut with 
a very sharp instrument across the grain of the wood. On ex- 
amining these with the microscope, they are so much magnified 
that we can see just how each kind of wood is put together. In 
some, as the pine, there is a very open network, with here and 
ihere large round openings, while in other more solid woods the 
spaces are ranch less. These spaces have very great variety of 
arrangement in different kinds of wood, and in some the arrange- 
ment is exceedingly beautiful. 

Bearing in mind the fact that in all these varieties we have 
really the same thing in composition, is there any thing that you 
can remember of what I have told you that is somewhat like 
this? Can you recollect any mineral substance that appears in 
various forms, and yet in composition is the same in all these 
fonns, as the wood is in its forms? I will mention one, gypsnm, 
noticed on page 137, and perhaps yon can remember some otherB. 

Bnt there is still more variety in wood than I have yet Urfd 
yoa aboot. There are a great many other things which are real- 
ly -wood besides those which people commonly call by this n: 
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wium It nffWKO^ tqct mrmr as i^naft 'ir i&ir «immwi Imestcme 
^istSers^ ^itzt TrariieL Hiuid x jesc ig sr i&K ^le ^^d caa shine 
uuviogii il. AH littc deocaar Ijum jpuik i&s 50a ace is a 

il» SUmg ':^ am irood* T!ie ^vnoifi jeaf iis ipcsod. <anfit tbe sap 
tiuK uiia ^aodcbac wmA.^ivsm^^b«mtisSiL<aEii3tz and what 
I bare said c^ leaves is iZTie ausc^ at iluwiQes. The sosfc delicate 
flc;wer that 70a caa Snd is made q£ wood— ^rezr. ^^fxj fine and 
fhlksOe is such wood, and jei rfc is wtNii. 

Yfja see a hjacinth growing as ^ wimiov ibl a |daaB Tessd 
in which there is nothing hot watec Tlie plsfifc idhaa grows iq> 
&ofa the hyacinth bolb is little else ^osbl wwd illed out in all 
its ceiJs with water. See how this wood is fymaA Tbe water 
fiimishes tlie oxygen and hydrogen* and the carbon cooies fincHn 
the air. 

Every stalk of grain and ^ire of grass is made mosdy of wood. 
In both of these cases we have fine particles of fiint acatteied all 
along in the wood to make it firm enough to stand iqp in spite of 
the wind. 

Much of the clothing that you wear is nothing but wood. Yon 
can harrlly believe this; bat so it is. A shirt, whether it be 
made of cotton or linen, is a wooden shirt Ck>tton or linen fibre 
is woody fibre. It is composed of carbon, oxygen, and hydrogen 
in exactly the same proportions with what we conmKmly call 
wood. 

You remember that I told yon in a previous chapter about the 
old-&shioned tinder-box. Charred or scorched linen was always 
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■kept in the box to catch the spark from the steel. This ia really 
l!diaFcoal, made from the lineii, just as we make charcoal from 
sticks of wood — that is, by a partial burning. It was uacd for 
this purpose instead of common charcoal because it is eo fluo in 
its division into fibres that the spark very readily sots fire to it 
AH paper is wood. It is made, when it is line, as wnling-pii- 
-, of cotton and linen rags, and these are wood. If you tear a 
of letter-paper, and look at the torn edge through a magni- 
fying glass or a microscope, you will see very plainly the woody 
fibres pointing out in all directions from the edge. In paper thcM 
fibres are not regularly arranged as in the cotton after it is gath- 
ered, but they are mingled together in all sorts of ways, lying 
each other in confusion. 
All the frame-work, as we may call it, of fruits is wood. All 
16 partitions in fruits are wooden partitions. The orange, you 
low, is divided into several parts by partitions. Theso are 
lade of wood. Besides this, the juice of an orange is inclosed in 
lousands and thousands of little bottles, and these bottles are 
len bottles. The next time you eat an orange, observe them. 
how pretty they are, and how nicely they are packed in each 
of the parts of the orange. Their large rounded ends are toward 
the peal, and their slender pointed ends are toward the middle of 
the orange. "When you eat an orange you crush a multitude of 
wooden bottles, and the juice runs out of them into your 
louth. And so, when you eat any juicy fruit, you break up 
len apartments or cells that bold the fluid. Even in the 
juicy fruilfl there ia some wood all through them, and the 
or coverings of the fruits are made of wood. 
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CHAPTER XXIX. 

STARCH AND SUGAR. 

Starch is a very common substance in vegetables. It is not 
so common as wood, for that, as you have seen, is every where, iu 
every part of all vegetables, from, the largest trees to the smallest 
plants. There is some starch in all the vegetable eubstancoa that 
we eat. In some kinds there is a great deal of starch. Four flftha 
of the flour of which our bread is made is starch. Moat of the 
potato is starch. There is much of it in chestnuts, and even in 
horse-chestnuts it constitutes one eighth of the whole. Arrow- 
root is a starchy meal, prepared from some plants that grow in 
marshy grounds in warm climates, as the East and West Indies. 
Sago is a starchy substance, prepared from the pith of various 
kinds of palm-trees. From all this you see that a large part of 
food of man is starch. 

You can very readily obtain starch from wheat flour. Moisten 
handful of it with enough water to make a thin paste. Put this 
into a piece of thick linen doth and knead it, adding water to the 
paste as long as the liquid which runs through the cloth appears 
milky. Let the liquid in the vessel stand for some time, and a 
white powder will settle at the bottom. This is wheat starch. 
What remains in the cloth I will tell you about in the next 
chapter. 

The starch is in grains, and each little grain, as seen by the mi- 
ipe, has a covering. Now in boiling starch we swell it up 
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into a thick jellj. In this operation the coatings of the grains are 
broken, and the starch absorbs considerable water. This is the 
reason that rice, beans, barley, etc., swell so much when they are 
cooked. Your chestnuts swell when you boil them from the at 
oauae. 

You will be surprised to learn that starch, though so difEerent 
from wood, is composed of the same elements, carbon, hydrogen, 
and oxygen, and that, too, in the same proportions. It is deposit- 
ed in those parts of the plant where it can be used for food, the 
grains or seeds, and other fruits, as the tubers of the potato-plant 

Sugar is another substance which is found in many plants. All 
fruits that are sweet have sugar in them. Besides this, there are 
some plants which are designed by the Creator to make sugar for 
the use of man ; of these the principal is the sugar-cane. Then 
there is the sugar-maple and the sugar-beet. Much sugar is ob- 
tained from the sugar-maple in the northern parts of this country. 
On the Continent of Europe, especially in France, the sugar-beet 
is largely cultivated for the manufacture of sugar. 

Sugar, like starch and wood, is composed of carbon, oxygen, 
and hydrogen, but not in the same proportions. Although we 
can not make sugar by mixing these ingredients together, any 
more than we can wood or starch, yet this is done in plants. The 
sugar-cane makes sugar for u3 out of charcoal and water, as I hare 
told you wood is made. Much of the charcoal or carbon is taken 
from the air by the leaves, while the water comes up from the 
ground by the roots. The long, broad leaves, shaped much like 
corn-leaves, are spread out to the air to suck in, by their httle and 
numberless mouths, the carbon from the air, so that there may be 
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this material for making the sugar. Now as the car- 
bon in the air comes in part from the breath of animals, it may bu 
that some of the carbon in some of the sugar that you have eaten 
jnay have come from your lungs. If so, a long way did it fly, on 
ihe wings of the wind, to the South, to get to the caue-leaf that 
drank it in. 

In obtaining sugar from the cane, the juice is first pressed out 
between heavy iron rollers. This juice is then cleared mostly of 
its impurities, and is boiled down to such a degree that the sugar 
will crystallize as it coola. While this crystallization is going on, 
there is a draining oS of a sirup, and this is molasses. The sugar 
crystallizes in grains, and is the common brown sugar. Farther 
purification is required to mate it into white sugar. 

There are different kinds of sugar. The two most important I 
will notice — grape-sugar and cane-augar. Grape-sugar is that 
which is in grapes and in sweet fruits generally. Cane-sugar is 
that which is in sugar-cane and other plants that are evidently 
designed by the Creator to manufacture sugar for our use. The 
cane-sugar has much greater sweetening power than grape-sugar, 
and therefore is more valuable. It requires almost three tea- 
spoonsful of grape-sugar to sweeten aa much as a single teaspoon- 
M of the cane-sugar. 

The difference in composition between these two kinds is that 
the grape-sugar has more of oxygen and hydrogen than the cane- 
SQgar; or, because oxygen and hydrogen are the two ingredienla 
of water, some chemists say that grape-sugar has more water in 
'it than the other. 

Though we can not take carbon, and oxygen, and bydrogen, 
N 



and make them into wood, or starcli, or sugar, we can make sug- 
ar out of 'either starcli or wood. What I jou will perhaps ex- 
claim, make sugar out of aaw-dust? Yea, exactly so. It can be 
done by oil of vitriol, water, and heat. Every five pounds of some 
kinds of wood may be made to give us in this way four of sugar. 

The process is as follows : The saw-dust is first moistened with 
B little more than its weight of sulphuric acid or oil of vitriol, 
and is left to stand for about twelve hours. It is now nearly 
dry ; but, on pounding it in a mortar, it becomes liquid. Some 
water is added, and it is boiled. The sugar is now formed. 

The explanation of its formation is this. In the saw-dust there 
are certain quantities of carbon, oxygen, and hydrogen. But 
there is not so much of the oxygen and hydrogen as there is in 
sugar. What needs to be done, then, in order to mate the wood 
into sugar, is to add sonae oxygen and hydrogen, letting the car- 
bon be just as it is. This is exactly what the sulphuric acid does. 
It forces some of the water, or the oxygen and hydrogen that 
■compose it, to unite with the carbon in the saw-dust, and eo sug- 
ar is made. 

But the sugar is not alone. It ia a mrnp ; that is, there is war 
ter mixed with it. Besides this, the sulphuric acid is there also. 
This acid does not become a part of the sugar. It only forces 
some of the water to nuite with the carbon of the wood. The 
acid itself is unchanged, and there it is mingled with the sirup. 
It would not do to let it remain, for you know how biting an acid 
it is. The way in which it is taken out of the sirup is a good ex- 
ample of chemical affinity. Chalk will take it out. See how it 
■does this. Chalk is carbonate of lime. Now sulphuric acid likes 
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lime better than carbonic acid does. It therefore takes tte lime, 
and the carbonic acid flies off. The sulphuric acid forma with 
the lime sulphate of lime or gypsum. As this does not dissolve 
in water, the sirnp ia very easily separated from it. 

We now have the sirup. To get the sugar we have only to 
boil the sirup, and thus drive off the water into the air. 

Sugar can be manufactured from rags as easily as from wood j 
for, as you learned in the previous chapter, the rags are nothing 
but wood in a certain form. 

The process of converting starch into sugar is oasentially the 
aame, for starch has the same composition as wood, as you learned 
in the first part of this chapter. But what is the sugar that can 
tiiufl be made out of such cheap materials as saw-dust and rags? 
It is not the cane-sugar, which is so valuable, but the grape-sug- 
ar. If we could manufacture cane-augar in this way, we should 
,aot need to depend so entirely on the sugar-cane for our supply. 

See how singular it is that grape-sugar is formed instead of 
oane. To form the cane-sugar the sulphuric acid would have to 
force the water to unite with the carbon to only one quarter the 
amount which must be added to make the grape-sugar. It would 
seem that it would be easier to make the less quantity unita with 
the saw-dust than the greater. But no one has ever yet discov- 
ered any way of doing this. If any one could make such a dis- 
covery, and so manufacture cane-sugar out of saw-dust and rags, 
the patent would make him richer than the richest man now liv- 
ing, or perhaps the richest that ever lived. 

Li England and on the Continent of Europe, where sugar is 
not aa cheap as it is in this country, there has been a great deal 



of chesting done by making this rag and saw-dost sugar, and 
mixing it with the sweeter caDe-sngar. la England there is a 
law forbidding the mannfactore of the grape-sogar, 

I have told you that there is sugar in all sweet fiuifs, but there 
is not sugar in them at firat They are either tasteless or acid, 
and becoaie sweet as they ripen. Before they ripen there is 
starch in them, and this changes into sugar. Some of the acid 
also changes into this substance. 

Though we can make wood into sugar, we can not turn sugar 
into wood. This is done, however, in plants. Suppose we have 
a sugar-maple that baa not been tapped by aoy one, what be- 
comes of all the sugar that is in it in the spring? Does it stay 
there locked up for some one to get next spring? If it does, 
what a quantity of sugar there will be for him, for he will hare 
all that 18 made in two springs. But the sugar does not all stay 
there as sugar. It circulates about in the tree, and helps to make 
leaves, and bark, and wood. This seems strange to you. But 
that sugar should bo turned into wood ia no more strange than 
that wood s)iould turn into sugar; and yet this last I have told 
you tliat wo coukl effcut with beat and oil of vitriol-. And when 
TTB como to look into the whole matter, it is not so strange after 
Itll, fop wood and sugar are both composed of the same things, 
carbon, oxygen, and hydrogen. The proportions only need to 
^ to altered U> chungo the one into the other. 

Wo Hco the same change of sugar into wood in other vegeta- 
I blM- Thus the sugar-beet and turnip arc sweetest when gather- 
J Bd early. If allowed to remain growing too long, the sugar is 
\ ohnngod into wood, and they become, therefore, tough and taste- 
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CHAPTER XXX. 

GLUTEN. 

Yoir see that vegetable subataTicea are made mostly of carbon, 
I oxygen, and hydrogen ; bat animal substances, flesh, skm, hair, 
I Mrvea, etc., are made of these same three things, bat with another 
' added, viz., nitrogen. It is this gas that makes the great diatinc- 
■ tion between animal and most vegetable substances. No animal 
. Bttbstance was ever found that had no nitrogen in it. 

It ia the nitrogen that gives the peculiar strong odor which we 
smell whenever any animal substance is burned. Wood, cotton, 
linen, etc., give out but little smell when burned, but let any wool- 
en thing, or hair, or leather be burned, and the odor is disagree- 
able and strong, and it is very much the same in all these cases. 

As all substances which are peculiar to animals have nitrogen 
in them, there must, of course, be some nitrogen in their food, for 
without this they would droop and die. It is the food that makes 
the blood, and the blood, as you learned in the Second Part of the 
Child's Book of Nature, is the building and repairing material of 
the body, Yoa can see, then, that if no nitrogen ia furnished to 
the blood, one of the four great materials for building and repair- 
ing will soon be spent. The body will, therefore, in a little time, 
show this great want, and get out of repair. And, if it remain ao 
long, it will die. To repair the body without nitrogen would be 
very much like repairing a brick wall without brick, filling up 
\ breaches in it with mortar alone. 



Now yoa can readily see where some ammaJs get that part of 
flieir biiilding and repairing material which we call oitrogeB. 
Xiona, tjgers, dogs, cats, etc., eat animal food, and there is nitro- 
gen always in that But how is it with horses, cows, sheep, etc. ? 
"Where do they get their nitrogen? They eat no animal food, 
and the vegetable substances that I have told you about, wood, 
starch, and sugar, have no nitrogen in them. There is a plenty 
of nitrogen all around them in the air, and they breathe it con- 
linu^y into their lungs. Do they get it in this way ? No, not 
ft particle of the nitrogen gas that goes into the lungs gets Into the 
blood. The oxygen that goes into the lungs with the nitrogen 
enters the blood, but the nitrogen does not. It comes out of the 
lungs exactly the same as when it went in. Neither does a particle 
of nitrogen go into the body of animals through the skin, though 
tiie skin is bathed in it all the time. 

How, then, do the vegetable-eating animals get their nitrogen? 
Iwill tell you. You remember that, in telling you how to obtain 
starch from wheat fiour, I said that there was a substance left in 
4he linen cloth ; it is mostly a substance which we call gluten — a 
-very glntinoua or sticky substance. This portion of the flour con- 
tains nitrogen. While the starchy part is composed of carbon, 
exygen, and hydrogen, this is composed of these and nitrogen 
united with them. 

It is the gluten of the flour that gives firmness to bread. If it 
■were composed of starch aione the bread would be very crumbling. 
It is for this reason that rice griddle-cakes so readily break when 
i&ere is not enough flour mingled with the rice. The gluten of 
&e floar is needed to hold together the starchy rice. 
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There is another substance in the flour that has nitrogen in it. 
It ia called albumen, from the Latin word albus, white. It is like 
the white of egg, and is really about the sarao thing. There is 
but little of it in the ilour compared with the gluten. 

In the grain of wheat, then, we have three substances, starch, 
gluten, and albunaen. There is much more of starch than of glu- 
ten, and the albumen is very small in amount. 

There is another substance that has nitrogen in it, which is 
found in many vegetables. We call it casein. It is nearly the 
same thing as the cheese which is contained in all milk, and which 
makes the curd. There is a great deal of this substance in vege- 
tables that grow in pods, as peas, beans, etc. 

The three substances in vegetables that furnish animals with 
nitrogen are, then, gluten, albumen, and casein. They are called 
nitrogenous substances. The most abundant of them is gluten, 
, There is a great deal of this in the grains which are used so ex- 
tensively for food — wheat, rye, buckwheat, barley, oats, Indian 
corn, etc 

Starch and sugar have no nitrogen in them, and carbon is their 
most important element. They are said, therefore, to be carbona- 
ceous substances, in distinction from the nitrogenous. Now these 
aubfltancea can not support life for any length of time alone. 
Some do^ which, by way of experiment, were fed upon nothing 
but starch and sugar, languished and died. It was for want of 
nitrogen. 

There ia another class of substances, found both in vegetables 
and animals, which are carbonaceous, and have no nitrogen in 
them. They are the oils and fats. 
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It is the mtrogenous sabstances in our food that build up and 
repair the body. Of what use, then, are starch, sugar, and the 
fitts? Their use is chiefly, if not wholly, to keep up the heat of 
the body. They are a part of the fuel, which is burning up every 
where with the oxygen that is in the blood, as you learned in the 
chapter on Animal Heat 

The power of an article of food to nourish the body or promote 
its growth is supposed to depend on the amount of nitrogen there 
is in it. Bice is not very nutritious, because it contains a great 
deal of starch and very little gluten. The common grains, as 
wheat, lye, etc., are among the most nutritious vegetable articles, 
for there is much gluten in them. There is a great deal in the 
coverings of the grains, which, broken up, make the bran. There- 
fore bread made from bolted flour is not as nutritious as that 
whicli is made from the unbolted flour. Peas and beans are very 
nutritious, because they contain so much of that nitrogenous sub- 
stance, casein, or vegetable cheese. Cabbage is one of the most 
nutritious of vegetables, for it has even more gluten in it than 
the grains ; and cauliflower has a still greater supply of it than 
the cabbage. 

There is some gluten in leaves and grass, but not so much as in 
the grains. The horse, therefore, though he may do pretty well 
upon hay alone when idle, must have some kind of grain when 
he is worked. The wear and tear of the muscles in working 
makes a good supply of nitrogenous food necessary for repair. 
The camelopard, with his long neck, lives by browsing upon the 
leaves of trees. But if he worked, like the horse, he would re- 
quire some food richer in gluten. 



For the same reason, the food of a laboring man should be 
richer in gluten than that of & man who lives at his ease. lo 
the repairing that hia muscles require after the wear and tear of 
labor, it will not do to supply oniy food that ia compoaed of car- 
bon, and oxygen, and hydrogen, with very little or no nitrogen- 
There must be a good quantity of nitrogen in his food, for this 
is quite aa esaenti^ as the other materials. If the laborer, there- 
fore, should live chiefiy on rice, as in China, or on potatoes, as is 
often the case in Ireland, the machinery of hia body would not 
be well repaired, and he would become weak. He must have 
such food as bread and meat, with his potatoes, rice, etc., in order 
to get enough nitrogen for growth and repair. 

We need to have mingled together the two kinds of food — that 
■which is for building and that which is for fuel. It is for this 
reason that the fuel-food, pork, goes well with the building-food, 
cabbage. 

Those articles in which the two kinds of food are mingled to- 
gether are peculiarly good articles. Thus bread is bo good that it 
is called the staff of life. Still better is it when we add to it the 
fatty carbonaceous substance, butter. Milk is such a combination 
of the nitrogenous and carbonaceous substances that it is a com- 
plel£ food by itaclf, as shown by the fact that children oftion live a 
long time on this article alone. 

I have told you that all animal substances have nitrogen in 
them, and that most vegetable substances do not. Still there are 
some vegetable substances that do contain nitrogen. Why do 
they contain it? It is for the very purpose of supplying it to 
animals. Animals muat have it in their structures — in their mus- 



cles, nervra, bones, akin, brain, etc. But vegetables do not need 
it in Their structures. Wood docs very well without it, though 
bone and muscle can not As, then, vegetables do not need it in 
thdr structures. Providence does not put it there, but makes it go 
into parts of vegetables where animals can readily get at it, and 
use it in their food. It is for thia purpose that there is so much 
of it deposited in various grains for the use of man and other an- 
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CHAPTER XSXI. 

FERMENTATION. 

In the two previous chaptera I have told you about some Bub- 
stances which are found in vegetables — starch, sugar, gluten, elc. 
In this chapter I shall tell you about some substances which are 
made from these by man. 

You have heard the word ferment often used, but have you 
ever thought exactly what it means? When cider ia first made, 
it is the mere juice of the apples. It is not fermented. It works 
or ferments afterward. So, also, wine is the fermented juice of 
grapes. In making it, the juice has worked or fermented, as the 
juice of apples does in turning to cider. Wine is made in the 
same way from other fruits, as currant, gooseberry, etc. When 
people use the word wine alone, it ia understood as meaning 
grape-wine. When other wines are spoken of, the name of the 
fruit from which it was made ia always given. 

What is done by the fermentation ? What ia the change that 
is produced? It is a change in the proportiona of carbon, oxy- 
gen, and hydrogen, of which the substances that ferment are com- 
posed, or, rather, it is a change in one of these substances. The 
substance which ia changed is sugar. All those liquids which 
become intoxicating drinks by fermentation are composed chiefly 
of sugar dissolved in water, having a flavor given to it by the 
plant from which it comes. Thus the change produced in the 
juice of apples is only in the sugar that is in it. The water in 




■which the sugar 38 dissolved is not changed at all, neitSer is that 
■which gives the peculiar taste to cider in distinction from other 
intoxicating drinks. So, also, grape-juice is sugar dissolved in 
water, with a flavor pecuHar to the grape, and it is the sugar only 
that iB changed in the fermentation. 

Notice now what the change produced in the sugar is. The 
sugar, so sweet to the taste, is changed into a fiery substance call- 
ed alcohol. It is so fiery that it must be diluted before it can 
be drank. In the strongest wine there is three times as much 
water as there is alcohol ; more than half of the strongest brandy 
is water; in common beer only the one fiftieth part is alcohol. 

But I have not yet told you precisely what the chemical change 
is which fermentation produces in the sugar. Sugar is composed 
of carbon, hydrogen, and oxygen iu certain proportions. It is 
the change in these proportions that turns the sugar into alcohol. 
The alcohol is composed, as sugar is, of carbon, oxygen, and hy- 
drogen, but their proportions are altered. It is just as calomel 
and corrosive sublimate differ from each other, the proportions 
between their ingredients, chlorine and mercury, being different, 
aa noticed on page 162, ^t is also as the difference is made be- 
tween the laughing gas and the biting nitric acid. 

In the change of proportions, nothing is added to the sugar to 
tarn it into alcohol. Something, on the other hand, is taken 
way. Some of the carbon and some of the oxygen of the sugar 
Save it, forming carbonic acid gas, which Hies off into the air, if 
B permitted to do so. The alcohol has aa much hydrogen as 

B sugar from which it is formed, but has less carbon and oxy- 
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Yoa see that the fermentation prodacea two things from the 
sugar — alcohol and carbonic add. The angar is divided or split 
into these. 

What produces this change in the sagar? Does the Bogar 
change ofitself? No; the change in the sugar is caused by Bome- 
thing else. Kyou make a solution of sugar in perfectly pure wa- 
ter, it will never turn into alcohol. Something must be added to 
the solution to effect this change. If you put in a little yeast, 
this will do it. But Low? Does the yeast unite with any thing 
in the sugar to form the alcokol, as oxygen unites with iron to 
form rust, or vrith potassium to form potash? No; it simply 
forces the sugar to separate into two things, carbonic acid and al- 
cohol. The yeast does not become a part of either the carbonic 
acid or the alcohol, just as the sulphuric acid, in changing wood 
into sugar (page 194), does not become a part of the sugar. It is 
merely the instrument by which the sugar is split into two parts, 
and is itself unchanged. 

But we do not put yeast into the juice of the grape to turn it into 
wine, or into the juice of the apple to turn it into cider. How, 
then, is the alcohol formed in them? 'There is some gluten in 
these juices, and this becomes yeast, and so produces the ferment- 
ation. Either one of the nitrogenous substances, gluten, albumen, 
or casein, may act as a ferment. Common cheese may be used, 
for this is but a form of casein. 

The fermentation of bread ia really the same thing with the 
fermentation which produces intoxicating drinks. The yeast 
turns the sugar that is in the dough into alcohol and carbonic 
acid, and these two together swell out the hollow cells which you 



FKRMESTATIDH. 207 

<^tii[nipir wine bM liMtlBd rida, M al rin e lUcDliot fran b«rlDj, rjno, Mc 

see in the bread. But you will ask what becomes of the alcohol. 
This flies off in vapor in the oven, and escapes into the air. In 
aome large bakeries, in Europe, an attempt has been made to 
catch this vapor and condeuse it, so as to save the alcohol ; but it 
haa not been very successful. 

In uncorking bottles of Champagne wine and cider there is a 
great escape of gas, making a lively foam. This gas is carbonic 
add gas. It is made in the bottle by fermentation, and, so long 
as the hquid is confined by a tight cork, the gas is imprisoned 
there among the particles of the liquid ; but^ the moment the 
cork is loosened, the gas escapes. In order to have this gas pro- 
duced, the liquid is put into the bottles before the fermentation is 
finished. A part of the process, therefore, goes on in the bottle, 
producing the gas. The same thing is true of bottled beer. 

The production of alcohol from the grains, barley, rye, etc, and 
from potatoes, is different from its production from apple-juice 
and grape-juice. In the articles which I have mentioned there 
ia a great deal of starch and but little sugar, and this starch must 
be first changed into sugar before alcohol can be produced. Thus, 
in making beer from barley, the first thing is to make as much as 
we can of the starch in the barley into sugar. It is done ia this 
way: The grain is moistened and left in heaps; it sprouts, and, 
in doing this, much of the starch is turned into sugar, eo that the 
barley has a very sweet taste. The malt, for so this sugared bar- 
ley ia called, ia now dried, and, after being bruised, is put into the 
boiler with water ; after boiling suEBciently, the liquor is drawn 

)f into vats. It is now a sugary solution, and, the yeast being 
i to it, produces the alcohol from the sugar, just as it does 
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from tlie sugar of grape-juice in making wine, or that of apple- 
juice in making cider. Wben the mixture is boiling, the hops 
are put in to give the bitter flavor. 

So, alao, in making whisky from the potato, the starch must 
first be converted into sugar. 

As alcoholic liquor is produced from the fermentation of a sug- 
ary solution, BO vinegar is produced from the fermentation of an 
alcoholic liquor. The change which is effected in this case is the 
addition of oxygen to the alcohol, forming acetic acid, the acid of 
vinegar. Aa iron-rust is oxydized iron, and potash is oxydized 
potassium, so acetic acid is oxydized alcohol. If we leave a bar- 
rel of cider with its bung-bole open, it gradually becomes vinegar, 
because the oxygen of the air comes to the alcohol in it and ox- 
ydizes it. 

It is not the whole of the cider that is changed. As, when 
apple-juice turns to cider, it is only the sugar in the juice that is 
changed, so, when the cider becomes vinegar, the change is only in 
the alcohol. This turns to acetic acid, and what we call vinegar 
is only a little of this acid diffused through considerable v?atep, aa 
noticed on page 122. 

Aa the sugar will not change of itself into alcohol, so the alco- 
hol will not change of itself into vinegar ; there must be a fer- 
ment or yeast to produce this fermentation as well as that which 
forms alcohol. In making vinegar from cider in the common 
way, the work is done by the same gluten that was in the apple- 
juice and turned it into cider. 

Sometimes vinegar is manufactured in a rapid manner. It is 
done in barrels, as seen in Fig. 56. The barrel is represented in 
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the figure as being open, that you may underetanti 
the arrangement. A mixture of aleohol and wa- 

I ter, having a little yeast in it, is put into the vcs- 

II sel h, and ia allowed to drip from il through Hmoll 
■.68 in the bottom. The barrel ia fllloil with 

I loose shavings, which have been steeped in vine- 
'. The air is admitted through holoa c, e, c. 
Observe what the chemical operation of this \», 
The oxygen of the air unites with the alcohol as it trickles down 
through the shavings, and oxydizes it or turns it into vinegar. 
The vinegar is collected in a receiver, a. The object of the loose 
Bhavings ia to spread out, as we may say, the alcohol, so that tho 
tax can come freely to every particle of it. 

The circulation of the air among the shavings is made very 
free by the beat which is produced by tho process. Thia causes 
an upward current of air through the barrel, for the same reason 
that a fire in a fireplace causes an upward current in a ohimuoy. 
Think a moment of the cause of thia heat. Tho oxydation ofthe 
alcohol is a real combustion or burning, like all other oxydation, 
as stated in the chapter on Combustion. It produces hea^ though 
not enough to cause a flame, for the oxydation ifl not rapid enough 
fcr that. 

In this chapter 1 have told you about sorao Bubatances which 
never are found in plants, but which can be made out of certain 
vegetable substances. Thus, alcohol is never made in any plant, 
bot man finds sugar in many plants, and out of that makes aleo- 

Kl. Then out of thia he makes the acid of vinegar, ether, and 
ne other substances. 
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Now, aa you can not make wood by mixing in any way its in- 
gredients (page 186), so you can not make alcohol out of its in- 
gredients. The only way to make it is to decompose sugar. So, 
also, you (jan not make the acid of vinegar, acetic aoid, by mixing 
up its components. It ia composed, like alcohol, of carbon, oxy- 
gen, and hydrogen, and it differs from alcohol only in having 
more oxygen in it. It is made, therefore, by adding the required 
quantity of oxygen to the alcohol. Ether, another quite common 
substance obtained from alcohol, differs from it only in having 
less oxygen and hydrogen, the carbon being the same in both. 

Quesd'oBs.— About what kind of substances am I ta tell yon in tbis chapter? 
WbBl 19 said about cider and wine ? Wbat Idnd of changQ is prodnccd bj fer- 
mentation ? What substBuce ia the rermeuting liquids is changed ? What kind of 
Bsabstance is formed from it? In nhat is the sugar changed? Give ths compar- 
isoDB mentioned. What two things are produced in the change, uud how? How 
can jonThow that tho sugar does not change of itself? In what way does yeast 
change it? Give the comporison obout aulphnric aciJ. How is the change pro- 
duced wiihout yeast in making cider and wine ? What takes place in the fcnnenta- 
Hon of bread? Enplain the effervesoenco of bottled cider, Champagne, etc., when 
the cork is drawn? Why is it that the gas collects in these liquids? In making al- 
coholic drinks from barley, rye, etc., what change must fltst be prodncod? Explain 
tho making of malt. How is the alcoholic liquid made from this ? What is said of 
making whisky ? How is the making of vinegar somewhat like the making of Al- 
cohol? What is douo to the alcohol to chani^e it to acetic acid? What other 
chaagos is this like? How is tho oxygen added to the alcohol in cider? How 
mncll of the cider is changed? IIow much nielic otid is there in vinegar? What 
efibets the change in the vinegar fermentation? Describe and explain the quick 
mode of making vinogur. How ia the air mode lo circulate very freely among the 
shavings? How is the heat causing this prodnccd? What is said of the sabstsuGM 
noticed iu this chapter? How do acetic acid and ether differ from alcohol? 
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Every plant comes from a seed. When the seed is put into 
the ground, a root shoots downward into the earth, and a stalk 
shoots upward into the air. 

Observe how the root and the stalk are made. They aro not 
made as the crystals are. Particles are not laid on layer after 
layer, aa in the growth of a crystal. There ia no life in a crystal, 
but there is in the seed. It is this life that forms the plant, and 
it has its own way of doing it. As it builds the stalk and root, it 
forms channels or tubes aa it works along ; but there are no such 
tubes in a crystal. 

Through these tubes the sap goes every where in the plant 
This is true of every plant, from the smallest to the largest. 
Look at some very large and high tree. The life in a little seed 
began that. It pushed up the stalk a little higher and higher, 
making tubes in it all the while ; and now that it reachea up so 
high, the sap goes up from the very ends of the roots, in these 
tut^ out to the very ends of its myriads of leaves. 

Let us see now of what the seed from which all this comes ia 
composed. It is mostly starch and gluten. But both of these sub- 
.stances are insoluble. Of what use, then, can they bo in growth, 
when they can not be carried up in the sap that circulates in the 
tubes? Unless they can be rendered soluble they can be of no 
use — they must remain just there in the seed. But just exactly 
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this change is produced in them. As the seed becomes moist, 
some oxygen is absorbed, and by this means the gluten is made 
soluble, and the starch is changed into sugar, which you know ia 
soluble. So as fast as the channels are made in the up-shooting 
plant, the sap, with gluten and sugar dissolved in it, moiuits up in 
them. 

You see now the explanation of the formation of sugar in the 
sprouting seeds of barley in preparing it for the making of beer, 
aa described on page 207. 

But all this is merely to set the plant a going. When the little 
root is formed, and the stalk reaches the air and puts out leaves, 
the seed is all done with. Its gluten and starch are used up, 
and the plant now gathers all its materials for growth from the 
soil and the air. It must have carbon, oxygen, hydrogen, and 
some nitrogen. As you have before learned, it obtains from the 
air a large part of its carbon, taking it in at every pore in its 
leaves. Its oxygen and hydrogen it gets mostly from the water 
that comes into the mouths of the roots. 

From whence comes the nitrogen that it wants? It may want 
considerable, for it may be a plant that has gluten in its fruit or 
seeds. At any rate, it wants some for its leaves. 

There is a plenty of nitrogen all about plants, for four fifths of 
the air is nitrogen. But, though their leaves are bathed in it all 
the time, though it is at the very door, as we may say, of every 
little pore, yet not a particle of it enters. All the nitrogen which 
the plant gets comes up from the ground. There are various sub- 
stances there that supply it. One is amaiouia, which, you learned ' 
on page 97, is composed of nitrogen and hydrogen. There is a 
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,t deal of this substance in some manures, as you can know by 
smell. The stronger is the ammonin smell in guano, the bet- 
it is. 

You have seen that carbon, oxygen, hydrogen, and nitrogen 
the four grand ingredients in vegetables or plants. You have 
Been also that the three first of these compose the frame-work, 
the structure. There is no nitrogen in woody fibre in any of its 
fonns, but this is found only in some of the fruits and juices. It 
is put there as a part of the food of animals. Plants gather up 
nitrogen from the earth, and deposit it within themselves for the 
use of man and other animals. It is deposited just where it is 
■wanted. For example, there is none of it lodged in the stalk of 
wheat, but it ia deposited in the seed or grain, so that we can have 
it in the flour with which we make our bread. 

There are some other things in vegetables besides those which 
jS have mentioned, but in much smaller amount. I have already 
spoken of sUica or flint as being in the stalks of grain and spires 
of grass (page 151). In many vegetables, as mustard and the 
onion, there is considerable sulphur. Then there are phcraphoma, 
lime, potash, iron, etc. All these are carried up in the sap through 
the channels of which I toid you in the first part of this chapter. 

Now think what sap is. Most of it is water, and this has dis- 
solved in it all the various substances which I have mentioned as 
being in plants. Water, then, not only furnishes the plant with 
cjqrgen and hydrogen, but it is the means by which the other 
Bubstances needed by the plant are carried about in its channels 
■or tubes to the very ends of the leaves. Some of the water re- 
in the plant, giving its oxygen and hydrogen to it to help 
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form wood, starch, glutea, sugar, etc. But the largest part of it is 
breathed out into the air through the little pores ia the leaves. 

The quantity of water that passes up through the channels in 
plants from the roots is much greater than moat people suppose. 
"We can get some idea of this by seeing a little how much passes 
off from the leaves. Some experiments have been tried in regard 
to this. It was found that in one case a single cabbage breathed 
out from its leaves into the air, in the course of twenty-four hours, 
nearly a quart of water. If so much comes from a cabbage, how 
much must all the leaves of a huge tree throw out into the air 
from all its leaves. 

In al! juicy fruits there is much water. In the watermelon 
there is so much that it gives the name to the fruit. This ia al- 
most all water, with a little sugar dissolved in iL The cells that 
contain this juice are really wood, but very delicate, even more 
than those of the orange (page 189), and having a great deal of 
water mingled with it. 

It is the water in leaves and flowers that give them their soft- 
ness. You know how stiff the leaves of flowers are when pressed 
Rnd dried by the botanist in his herbarium ; it is because the 
water is all gone from their cells. 

You know how readily the stalks of grass and of grain bend 
before the wind, and then rise up again, giving the wavy motion 
which is so beautiful in a field of grain. This is because there is 
80 much water in the cells and channels of the stalks; but when 
the stalks of grain arc dry, as you see in straw, they will not bend 
much. 

"When wood is just cut it ia said to be green ; that is, it is full 
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. As sap is mostly water, tberc is much water iu the wood. 
[Jhis prevents its burning well; but if it be left to lie in the air, 
a water pasaea off into the mr, and so the wood becomes dry. 
When wood is burned there are ashes. These make but litdo 
mlk compared with the wood. There is a pound or two of asbea 
"rom a hundred pounds of wood. What has become of the re- 
Eiinder, the ninety-eight pounds of the wood? It has flown off 
ttto the air. As a large part of the wood comes from the air, so 
nost of it, in burning, returns to the air. Much of what passes 
BS£ is water, for even what we call dry wood contains considom- 
tie water. It passes off in vapor. Then most of the carbon of 
Ihe wood, uniting with oxygen, flies off as carbonic acid. Some 
of the oxygen of the wood is disposed of in this way, and some of 
jt unites with the hydrogen of the wood to form water, which 
)ff as vapor. If this were all, the smoke would not be vifii- 
We, for you can not see either vapor or carbonic acid gas ; but 
.some of the carbon goes up in little particles, and these moke the 
pmoke a thing that you can see. 

What is really the composition of ashes? They are composed 
f potash, silica, lime, iron-rust, etc. These substances are found 
I different proportions in the ashes of different plants. Thus 
(there is more of silica in the ashes of straw than in those of com- 
pion wood. There is much potash in the ashes of wood, and for 
Hi\s reason they are used for obtaining that substance for use in 
tnaking soap, as noticed on page 181. 

Let OS look a little more at what plants get from the ground to. 
make them grow, and how they do it They get all of the dif- 
ferent ingredients, except carbon, from this source. Most of this 
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they get Irom the air, but some of it comes from the ground. 
They get, thea, from the ground all their oxygen, hydrogen, and 
nitrogen, and part of their carbon, and, besides these, small quan- 
titiea of the various tilings which they need in addition, as potash, 
hme, iron, sulphur, phosphorus, etc. 

Now much of all these ingredients comes from the decay of 
plants. Every year great quantities of dead leaves and other 
parts of plants become a part of the earth, and help to form the 
plants of another year. You can make barren sand good rich 
earth by mingling with it decayed or decaying vegetable sub- 
stances. If, in a garden, you have a pit into which you throw all 
the weeds and small trimmings from trees, you can dig out from 
it, in two years of time, the richest kind of earth, the result of the 
decay. I have mentioned this because you are not too young to 
learn something about gardening. 

It is thus that decay and death furnish material for new life. 
The living beauty that feasts our eyes in the spring comes, to a 
great extent, from what fell to the ground and died the previous 
year ; and not only so, but that which in its putrefaction offends 
our sense of smell, becomes a part of the plants which, with their 
leaves and flowers, so delight our eyes, and the fruits which are 
so pleasant to our taste. The nitrogen, which is one of the in- 
gredienla of the ammonia that you smell so strongly in the ma- 
nure of the stable, goes up the channels of the wheat-stalk, and 
helps to make the gluten of the grain, and as you eat it in the 
•bread it helps to form the substance of your body. 

You see that there are few ingredients in plants, chiefly four, 
carbon, oxygen, hydrogen, and nitrogen ; but out of these, with 



now and then a little of some others, are formed a vast variety of 
sobstaDces. I will notice a few of them. 

There are some substances that are composed of only two of 
the chief ingredients of plants, carbon and hydrogen. To this 
class belong the oils of orange-peel, lemon, and pepper. The oil 
of turpentine is also one, and that very singular substance bo 
much used now for a great varie^ of purposes, caoutchouc, or 
]iidia-rubber. 

Then there are some oils that are composed of three of the four 
grand ingredients of plants, viz., carbon, oxygen, and hydrogen. 
Among these are the oils of peppermint, valerian, anise, orange- 
Sowers, rose-petals, etc. Camphor, also, is composed of these three 
ingredients. 

There are some oils that have considerable sulphur in them, as 
oil of mustard, onion, assafetida, etc. You know that a spoon, if 
left in mustard, becomes dark -colored. This is because the sul- 
phtir in the mustard unites with the silver to form a sulphuret of 

. plver. 

I There are various acids in vegetables. These are composed of 
carbon, oxygen, and hydrogen, in different proportions. I have 
noticed some of these in the chapter on acids, as the tartaric, the 
peculiar acid of grapes, and the malic, the acid of apples, pears, 
and some other fruits. The only difference in composition be- 
tween these two acida is that the tartaric acid has a little more 
oxygen than the malic acid. 

There are many different coloring substances in vegetables, as 
.indigo, the coloring matter of logwood, etc. They are composed, 

I .Ske the acids, of carbon, oxygen, and hydrogen, or of these with 



There ia an interesting class of substances brought to light of 
late years by chemista which I ■will just notice. There is quinine 
obtained from Penivian bark, morphine from opium, theine from 
tea and coffee, nicotine from tobacco, etc. Nicotine is one of the 
most deadly poisons in the world. It takes less than a drop of it 
to kill a rabbit, if put upon Lis tongue, 

QwsfioM. — What takes place when a seed ia put into the grooticl? How are the 
root and atalk laado diSerentlj from cryitola? What in said about the sap in plants? 
Wliat is said about a largo tree ? Of irliat gnbatancca U a aecd eompoaed ? What 
change ia needed in these, and how ia it efliictcdF What beeomca of the seed? 
After the seedia gone, from what is the plant nourished F What mitcerinls of growth 
most it have? How does it get its carbon 7 How its oxygen and hydrogen? What 
J9 aaid about its needing nitrogen? What aboat ita not getting it from the an? 
How does it get it? What is said abont gnono? Of what elements ore tho strno- 
lures in plants made? Where in plants ia nitrogen deposited, and for what pot- 
pose? Mention some other substances that are in some plants? Wbat is sap? 
What is said of the uses of tho water in sap 7 What of the quantilj of water that 
passes through plants? What of jnicy frnits? What of water In leaves and flow- 
ers ? In the slullis of grass and grain ? In wood ? How moch of wood that in 
burned becomes ashes ? What becomes of the rest? Give tbe particolars. Why 
is smoke visible? What subetanccs ore in ashes? What do plants get from the 
ground? What is said of decay aa fumishing materiala for growth? What can 
jou do profitably with weeds in a garden? What Jj said of jiutrefjing anbstanMS? 
What of the ammonia in manure? What is said of the formation of all the Tariolj' 
of Bubstaneea in plants ? Which two of the grand itigredienls of plants fomi some 
of these Babstancoa? Mention some substances composed of these? What oils Hie 
composed of three of the grand Tcpetahle elements? What ia the composition of 
camphor? What oils have considerable sulphur in them? Whnt is said of v^e- 
lable acids? What of coloring substances? From what is quinine obtained? 
From what morpUne? From what theine? Prom what nicotine? ' 
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CHAPTER xyxni. 



CHEUSTBT OF AKIMALS. 

Th5 blood ia to an aaimal vbat the sap is to a vegetable. The 
B^ is water, b&ving diaecdved in it wlialeTer is necessaiy to the 
growth or boilding up of tbe plant; and bo the blood is wuter, 
haTing dissolved in it wbsterer is necessaiy to tbe growth or 
building up of the ariimsl 

Abont (out fifths of the blood in ns is water ; that is, in everjr 
ft five pounds of blood there are foor of water. Yoa will, of conise, 
B TTftPt to know what sabstances are dissolved in this ; that is, what 
^Bpake up the other fifth of the blood. They are carbon, oxygen, 
^^brdrogen, nitrc^n, chlorine, sodium, potassium, magnesium, iron, 
^Hraosphoms, and sulphur. 

^V Th^e substances, you see, are elements, not compounds. Bat 
" &By do not appear as elements in the blood. They are united 
together in various ways. For example, the iron is united with 
some of the oxygen, forming oxyd of iron, and some of thisoxyd 
ia united with phosphoric acid, making phosphate of iron. So 
most of the chlorine is united with the metal sodium, forming 
common salt, giving to the blood a saltish taste. Then we have 
phosphorus, oxygen, and calcium united together to form phos- 
phate of lime, of which, you learned on page 148, there is so much 
in the bones. About one third of that part of the blood wliich is 
not water is albumen. This ia the same substance as white of 
egg, or the albumen which you learned on page 200 is found in 
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many vegetables. This is composed of the four grand elements, 
carbon, oxygen, hydrogen, and nitrogen. 

How do all these different substances get into the blood ? They 
come &om tlie food that we eat. All that part of the food which 
will serve to nourish the body is drank up by little mouths in 
the stomach, and ia put into the blood and becomes a part of it. 
It is exactly as the little mouths ia the roots of a plant auck up 
from the earth what ia proper to go into the sap. The fact that 
the root of a plant and the stomach of an animal thus perform 
similar duties ia fully illustrated in Chapter IV, of the Second 
Part of the Child's Book of Nature. 

But all the substances that are in our blood are not always in 
our food. How is it, then, that the blood is always supplied with 
them? It is because the food contains what these substances are 
made from. There is some chemistry done in the stomach. It is 
a sort of chemical laboratory. Great chemical changes are pro- 
duced there in what is put into it. For instance, you eat, in one 
way and another, considerable sugar ; but there is no sugar in the 
blood. How is this? Is ail this sugar lost? No; it is all used, 
but it does not go into the blood as sugar ; it helps to make some 
other things that go into the blood. 

There ia salt in our blood, and there ia salt in our food. Here 
we have a substance that ia not altered by the chemistry of the 
stomach, as sugar ia, but goes into the blood aa aalt. 

There is one substance, all of which does not get into the blood 
from the food ; a part of it goes in by the lungs aa we breathe. 
This ia oxygen, the lung-food that I told you about on page 16. 

AIJ the different parts of the body, aa I told you in Chapters I. 
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and IL of the Seomd IVdi of the Cli£d 3 Book of yxnxze. ire iii«le 
out of the Uood. For this paipoae the bkx)d,contamizig ill these 
diflfenait unliiUiMTB thai I hare inentioped, goes or dicolates 
aioand ereiy where in the body; and just irfaat Tn^tOT^^i« im 
wanted tar building are used jost where ther are wanted. For 
exanqde, where it is neoessaij to make boiM^ the m^t^w^ic for 
bone are taken fiom the bkx)d, and are arranged so as to make 
the bone of the right shape. Phosphate of lime is one of these 
matmalSi as I txdd yoa oa page 219. This is in the blood, all 
ready finrnsa 

So, where there is nerve to be made, those materials are taken 
from the blood of which nerve is composed ; and the same is 
tme of all other parts of the body. Once in a while there is a 
Twintmlrft in this matter. For instance, bony sabstance-is formed 
in some part where it is not wanted, as in the arteries or in the 
heart Bnt^ generally, every thing is put in the right place. 

Brain and nerve are composed of a variety of substances— a 
white fiitty substance, a red htty substance, albumen, phospho- 
rus, sulphur, potash, lime, magnesia, etc Phosphorus is an essen* 
tial ingredient in brain ; that is, the brain can not do without it 
I have heard it recommended as a good thing for persons that 
study to eat freely of ^gs, because they contain considerable 
phosphorus. I do not believe, however, that this would make a 
bright scholar out of a dull one. Something else besides egg^ 
eating is needed for that 

In hair, feathers, bone, and nails there are sulphur and silica, 
or flint, mingled with the other ingredients. 

There is iron in the blood. It is in the substance that gives 



the red color to this fluid. Very little of it ia to be found ever 
in any of the solid parts of the body. There is none in the 
nerves, though it is common to speak of persons who have much 
firmness of character as having iron nerves. There ia a very lit- 
tle of it in the hair, helping, with the silica or flint, to give it 
strength. Exactly of what use it is iu the blood we do not know. 
When persons are pale and weak they have not enough of it in 
the blood, and we give tbem medicines that have iron in them. 

You have seen what a variety of substances there is in tlie 
blood. Now when one eala a variety of food, it is easy to see 
how all these various substances are furnished to the blood. But 
how is it with a child that lives only upon milk? Can there be 
mingled together in that white fluid all the substances that I have 
mentioned? If they were not there would be something missing 
in the building up of the body. If, for example, there were no 
phosphate of lime in milk, the infant living on milk would have 
its bones grow, but they would be soft, and would bend very easi- 
ly, for it is the phosphate of lime that makes them hard and stiff. 
Milk contains this, and all the other substances that are required 
for the growth of the body. It contains all the nutritious eub- 
atancea which you can gather from meats and vegetables united 
together. 

There are exactly the same elements or ingredients in milk that 
there are in blood ; but they are not all put together iu the same 
way, and so the milk is different from the blood. Milk is made 
from blood, and blood is made from milk, and they are really only 
two different forms of the same thing. The milk of the cow is 
aadeirom her bJood by a chemistry which we do not understand, 
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and when we take it into our stomachs the chemistry there changes 
it back again into blood. How the iroa is kept in the milk, and 
is prevented from coloring it red, as it does the blood, we do not 
know. 

No matter how many different articles we eat, the nutritious 
part of them all, which is taken and put into the blood, is a whit- 
ish fluid very much hke milk ; it is called chyle. This fluid is 
separated or extracted from al! the meat, and potato, and rice, and 
squash, and turnip, and cabbage, etc., etc. ; and it contains all that 
is needed to form bones, teeth, brain, skin, nerves, muscles, nails, 
hair, etc., with one single exception — I mean the oxygen which 
it gets from the air in the lungs. The chyle goes to the lungs in 
the blood to get its supply of oxygen ; and now it becomes a part 
of the blood, and is ready to go to any part of the body to nour- 
ish, it. 

Qiiatimt. — Give tbe comparison bewoon sap and blood. Howmncli of the blood, 
ia water? What olementa are in tho blood? Mtnlion some of iho combinationa of 
tbese ia the blood. Wbat is eaid of the albnmeii in tbo blood 7 How doea the blood 
get all the auUtaDces that are in it? Give the comparieon between the stomach of 
the animal and tho root of the plant. How ia it that there are aome aubstances in 
the blood that are not in the food? What ia said of the augar that we eat? What 
of lalt? Wbat is aaid abont lung-food? What is aaid of the circulation of the ma- 
lerialafor bnilding different parts of the body? What of making bone? Wbat of 
nuking nerve ? Wbat arc the substances ia brain and nerves ? What is said of eat- 
ing eggs? In what animal Btmeturca are there flint and sulpbnr? What is said of 
iron in the blood ? What is aaid of the expression iron nerves ? What k said of 
milk? How ia niJlk like blood? How does it differ fromit? What is aaid of 
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CHAPTER XXXrV. 

CONCLUDING OBSERVATIONS. 

It may be well, in this concluding chapter, to look back a little 
upon the ground that we have gone over. 

The whole world ia built up chiefly out of a few elements. I 
have told you, in Chapter XV., that there are a little over mxty 
elements, and of these about fifty are metals. Most of these exist 
in small quantities. A few of them are very abundant, as iron, 
calcium, sodium, aluminum, copper, lead, etc. But the most abun- 
dant Bubatances in the world are not metals. They are oxygen, 
carbon, nitrogen, hydrogen, silicon, sulphur, chlorine, etc. Near- 
ly, if not quite one half of the world is a gas, oxygen. And the 
four grand elements used in the making up of the earth are oxy- 
gen, carbon, hydrogen, and nitrogen. Three of these, you see, are 
gases. "Water, that liquid which is every where, and in almost 
every thing, ig composed of two of them. All living subatancea, 
vegetable and animal, are essentially composed either of three of 
them or the whole four. 

One thing is true of oxygen which is not true of any other ele- 
ment, via., that it forms combinations with all the other elementa. 
With most it unites very readily, with some eagerly ; but there 
are some, as gold, silver, etc., with which it will not unite unless 
it be forced to do it, as you learned iu Chapter XSVII., and when 
it is united with them a very little sufBces to make it part com- 
mas;' and Sj off. 
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Let us look at a few of the combinatioiis which oxygen forms. 
It forma with hydrogen the most abundant of all compounds, 
water. Mixed with nitrogen and carbonic acid gas, it forma the 
most abundant of all mixtures, the atmosphere. It forms, with 
the metals oxyds, a very numerous class of substances. It forms 
acids with nitrogen, sulphur, phosphorus, chlorine, silicon, etc. 
That singular acid, silica, is bne of the most plentiful hard sub- 
stances in the earth, being in the granite and many other rocks, 
and constituting, for the most part, all the sand of the land and 
sea, and a large portion even of the fertile earth. Then we have 
oxygen in all the potash and hme, and in their carbonates ; the 
carbonates of hme in the forms of limestone, and chalk, and mar- 
ble, being very abundant substances, sometimes forming even 
mountains. Besides all this, oxygen is one of the chief ingredi- 
enla in all living substances. 

But you see the importance of this element not only in its 
abundance, but also in its active agencies. It is no laggard in 
the chemical movements which are every where going on ; it is a 
lively, busy agent. It ia the grand supporter of combustion. It 
keeps every fire and light burning, and the quick explosions of 
gunpowder and many other substances are produced by it. It 
maintains the life of all animals by entering the lungs continual- 
ly, and it conveys away carbon from their bodies to the leaves of 
plants by uniting with it to form carbonic acid. It rusts the raet- 
als wherever it can get hold of them, and it has such an affinity 
for some of them that they can never be found except in the em- 
brace of oxygen. 

The changes in the forma of matter from solid to gaseous or 
P 



liquid, and the reverse — changes in which oxygen commonly is 
so busy — are rery wonderful when we look into them. Thus, in 
the burning of wood, the oxygen of the air unites with the carbon 
and hydrogen of the solid wood, forming the gas carbonic acid 
and water, which Qies off with the gas in vapor. In one hundred 
pounds of wood, as 1 have told you on page 215, we have com- 
monly bat about two pounds of ashEs. The ninety-eight pounds, 
which are water and carbonic acid, have flown off into tlie air. 
"What becomes of them? Let us follow and see. The water 
gathere in the clouds to fall to the earth, or settles upon the 
ground in the form of dew. In whatever way it comes to the 
earth, it goes to work there again, and works chemically, for some 
of it fintls its way into the roots of plants, and helps to form their 
substance by combining with carbon and nitrogen. That part 
of the ninety-eight pounds which is carbonic acid floats off to be 
drank up by leaves, in order to furnish carbon, by chemical oper- 
ations, to the plants and trees. The oxygen that has thus con- 
veyed, as we may say, the carbon to the leaves, returns again, in 
the air, to the lungs of animals ; and some of the carbon thus fur- 
nished to plants comes back also to animals in the food which 
they eat, to do again its chemical work in them. 

Many other examples of changes of matter back and forth from 
one form to another might be given, but this will suffice. 

When a solid becomes a gas, or a gas a sofld, the change is a 
very great one. When a sohd becomes a gas it occupies a vast- 
ly larger space, and the particles must therefore be much farther 
apart. Wben this change of bulk takes place suddenly a great 
i?^&ci h produced. It is this sudden change of hulk that gives 
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loch force to the explosion of gunpowder. Ou tho other hnnri, 
krhen a gas becomes a solid there is a great coudciiHu^on, or, in 
hther words, the particles of the substance are brought much 
iearer together. For example, wKon oxygen unites with iron, 
tnd thus becomes a part of a solid substance, about twenty gal- 
lons of the gas are pressed, as we may say, into tho Bmall sjMtoe 
occupied by a pound of the rust (page 93). Tho same oiionnoua 
change in bulk takes place when the carbon in lUo carbonic aoid 
of the air, taken in by the leaves of a tree, becomes so condensed 
as to form a part of the aohd wood. 

In some of the changes which are going on in matter there is n 
very fine division of the particles. As you see charcoal burning, 
solid carbon is passing off into the air united with oxygen, Tho 
particles of the carbon yon see in the solid charcoal, but whoB 
they pass off you do not see them. Why ? Because thoy are so 
finely divided. The division is so fine that not even the micro- 
scope can show them to you. So, also, if you examine the sap 
of grass, that feels very rough from the silica or flint that is on its 
surface, you can not find any particles of silica in it; but they are 
there, for it is in the sap that the flint goes up from the ground to 
get to its place on the surface of the grass. The sap is smooth 
and limpid, for the flint in it is exceedingly fine, and its particles 
are wide apart ; but, deposited in the coating of the grass, the 
flint ia rough, and scratches your finger, for tho particles are there 
closely united together. So, too, the little iron that is in your 
blood ia very finely divided, its particles being diffused evenly 
throughout that fluid as it circulates in your arteries and veins. 

I have often, in the course of this book, spoken of the diiference 
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between compoands and their ingredients. Thua oxygen, the gaa 
that makes things burn, unites with another gaa that itself burns, 
to form a substance which quenches burning. Water is unlike 
its components in other respects also. It is quite a heavy fluid, 
while one of its components, oxygen, is nearly as light as air, and 
the other, hydrogen, is the lightest substauce known. So, also, 
that powerful liquid, nitric add, is totally unlike the oxygen and 
nitrogen gases that compose it. Take another example of a dif- 
ferent character. Phosphorus is a very inflammable substance, 
and lime is a biting caustic ; but phosphoric acid, composed of 
phosphorus and oxygen, when united with lime, forms phosphate 
of lime, the mineral matter in our bones. One of the most strik- 
ing examples we have in common salt, which is composed of a 
gas that would kill you by suffocation if you should breathe it 
clear, and a metal that water will set on fire. 

I have occasionally noticed in this book the fact that a sub- 
stance may appear in different forms, perhaps wholly unlike each 
other. Thus carbonate of lime appears in the forms of chalk, 
common limestone, and the pure crystallized marble. Gypsum, 
or plaster of Paris, presents several forms, some of which are very 
beautiful. Carbon is one of our most wonderful examples, for 
nothing can be more unlike than charcoal, blacklead, and the di- 
amond. There is no substance, perhaps, that appears in bo large 
a number of different forms as wood, as you learned in Chapter 
XXVIII. AU this variation in form must be owing wholly to 
variation in the arrangement of the particles, as the proportions 
of the ingredients are not varied. 
Tn this variation, the differences in character are much increased 
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f the proportions of the ingredients are varied. You know how 
different calomel and corrosive sublimate are, yet they are madu 
of the same elementa, chlorine and mercury, but in different pro- 
•ortions. The Ave compounds of oxygen and nitrogen are very 
different from each other, the contrast between the exhilarating 
gas and the nitric acid being as great as could possibly be con- 
ceived. But the most wonderful examples are furnished to us by 
t^e chemistry of life. Wood, starch, gum, sugar, oils, perfumes, 
»loring matters, poisons, etc., how unlike, and yet they are all 
lade of three elements, a solid and two gases. The same may be 
■aid of the variety of compound substances in animals, which are 
all composed of the four grand elements. It is thus that the Cre- 
ator shows, in the chemistry of life, the greatest power in produc- 
ing a vast variety of substances from a very few materials. 

The frame-work, as we may call it, of chemistry is quite simple, 
Host of it may be thus marked out : 

Oxygen forma with the metals oxyds. 1 These, uniting 

Oxygen forms with carbon, sulphur, nitrogen, > together, form 
phosphorus, chlorine, etc., acids. ) salts. 

Sulphur forms with the metaJs sulphurets. 

Chlorine, iodine, etc., form with the metals dilorides, iodides, etc. 

Then, in the chemistry of life: 

Some vegetable substances are made of oxygen, carbon, and %- 
4rogen. 

Other vegetable substances, 1 are made of oxj/gen, carbon, hydro- 

And all animal substances, j gen, and nitrogen. 

There are some substances that are not included in this plan. 
This is the case with one of the moat important and abundant 
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Chemistry does not destroy matter, bat only changes It. 



substances by bringing them together so that they can act uj>o« 
each other. 

The world, as you have seen by what I have told you in thia 
book, is emphatically a world of change ; and in the changon that 
take place. there is no loss, no destruction. When things burn 
up, as we express it, there is no destruction of any sulxstanoo, 
but there is merely change from one form to another, and what 
seems to vanish in air soon reappears in the solid forms that aro 
growing up all around us. So, when decay takes place, there id 
no loss of a single particle of matter, but there are only chemical 
changes bringing about new combinations and arrangements of 
the particles of the decaying substance. Chemistry is at work 
every where, not destroying, but pulling to pieces only to rebuild 
again, and it does the latter quite as readily and rapidly as it does 
the former. 

Questions. — How many elements are there? How many of them are metals? 
Name some of the most ahundant of them. What are the most ahundant of all the 
elements? What are the four chief elements? Which of them is the most abun- 
dant ? What is said of it ? Give what is said of some of its combinations. What Is 
said of its activity as an agent ? State in full what is said of the changes that take 
place in the combustion of wood and in consequence of it. What is said of the ex> 
pansion and the condensation of matter in chemical changes ? Give the illustrations 
of the fine division of matter in chemical changes. What is said of the different 
forms in which the same substance may appear? How is it when the ingredients 
are the same, but the proportions are varied? Give the illustrations. Give the 
frame-work of chemistry as stated. What is )aid of water ? Give in full what is 
said of the circulation of matter. What is said of the changes that chemistry is ef- 
fecting in the world? 

THB END. 
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